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@ It is no trick to get grain or forage into a 
hammer mill and reduce it to particles of de- 
sired size. The engineering problem is to get 
it out of the grinding chamber before repeated 


contact with the hammers has made some of 
the material too fine, caused more or less heat- 
ing, and wasted power in the process. 


Case hammer mills save substantial amounts 
of power in the grinding chamber by using 
sufficient power at the fan to pull ground ma- 
terial promptly through the screen. Less ob- 
vious but similarly significant are the relations 
between linear and angular velocities at the 
grinding circle, also the space relations among 
the hammers and with the screen. 


Air-Power 
Spares Horsepower 
Grinds More Per Man Hour 


Fast grinding of tough grain or forage calls 
for keen edges. Case hammer tips have eight 
edges; you loosen a bolt and turn a new edge 
into position. Sharp edges, clean scavenging, 
and good geometry in the grinding chamber— 
these are reasons for the fast, cool, relatively 
uniform grinding of Case hammer mills. 


Designed for fast work with the power of 
farm tractors, these mills hold down power 
cost per bushel. More important, they grind 
more bushels per man-hour, push upward the 
final yield per man which is the essence of pro- 
ductivity and prosperity in agriculture. J. I. 
Case Co., Racine, Wis. 


CASE. 
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\Algomas 


wins O.K." 


for 


; 


new O-K 
forage 
blower.... 


Ten-foot flight of Link-Belt Helicoid screw conveyor 
feeds chopped hay and fodder into the blower. 
Link-Belt screw conveyors, Helicoid or sectional, can 
meet any requirement from 2” and larger diameters, 
in desired pitch and gauge, mounted on solid shafts, 
hollow shafts, or unmounted. 


Link-Belt Silverlink roller chain 


is a precision product of highest 


11,405 


quality, preferred for medium 
and heavy duty power transmis- 


sion. 


NK-BELT screw conveyor 


Positive, non-slip action assured 
by Link-Belt roller chain 


A compact, highly efficient Link-Belt Helicoid screw 
conveyor is an important feature on the new Algoma 
Foundry & Machine Co's. O-K forage blower, (Algoma, 
Wis.), which blows hay into the mow, ensilage into the 
silo or grain into the granary. 


Simple in design—only one part moves—the screw 
conveyor is unaffected by moisture or weather, needs 
no replacing, rarely requires maintenance, and is al- 
ways ready for action. Positive and uniform movement 
of forage is assured by the screw conveyor and by 
Link-Belt roller chain, which also is an integral part of 
the blower. 


Space-saving, trouble-free, easily adaptable Link- 
Belt screw conveyors are uniquely suited to agricultural 
implement purposes. Designers and manufacturers are 
invited to investigate the numerous advantages offered 
by Link-Belt’s wide experience and facilities. Write 
the Link-Belt office nearest you. 


LINK-BELT COMPANY 


Chicago 8, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. Offices in Principal Cities. 
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EDIiTGR IAL 


Farm Houses or Debtors’ Prisons? 


Pr today’s housing dilemma, farmhouse building and remodel- 
ling appears to be in a slightly less troubled position than 
urban housing. It may often offer greater opportunity for 
economy by use of the owner's labor and locally available 
matcrials. It is less hampered by restrictions as to design and 
cons ruction methods. It offers greater freedom for the de- 
velo»ment of new approaches. 

“hat matter of a new approach is important. It is im- 
por! nt because housing costs too large a proportion of the 
mat-hours of many farmers and leaves them too little with 
whi» to provide other necessities, comforts, and luxuries. It 
is i portant because many farm families face a choice be- 
twe.n slight affluence in a hovel or poverty in a mansion. It 
is iv portant because many of the recent approaches to hous- 
ing «conomy have only served to minimize the effect of other- 
wise increasing costs. It is particularly important in a time of 
inflated costs to anticipate and avoid the possibility of new 
houses becoming, in fact, debtors’ prisons! 

As an example of a theoretically possible new approach 
to «conomical modern farm housing, we suggest, half seri- 
ously, an underground house. 

The idea isn’t really new. Cave men found the earth far 
ahead of the open air as a starting point for a home. The 
extent to which its natural disadvantages might be overcome 
by modern materials and equipment is suggested in part by 
modern underground construction for other purposes. 

With modern equipment, the most economical method of 
blanking out a house-sized air space enclosed on all but one 
side, and fixed in location, is by digging a hole in the ground. 
In finishing touches to make this hole suitable for human 
habitation, some of the foundation, floor, wall, window, ex- 
terior painting, bracing, wind resistance, and heating problems 
and costs would be minimized:”*Some of the saving on these 
items could be applied to the increased roof support, water- 
proofing, forced ventilation, and artificial lighting which would 
be required. 

In a hillside location, the underground house would permit 
a compromise with tradition to the extent of having one or 
two sides exposed, without seriously increasing the cost. Porch, 
entrance, stairway, lighting, and ventilating problems might 
be further simplified. 


On the aesthetic side the subterranean house would neces- 
sarily emphasize some different values than are commonly 
associated with the prevailing mode in air castles. Its low 
visibility would make it less nauseating to the refined sen- 
sibilities of passing architects, than are many of the family 
coops currently priced at $10,000 to $20,000. The very walls 
of an underground abode might readily be made more at- 
tractive than the view from a picture window overlooking a 
public dump, a polluted river, a billboard, a rundown farm, 
or other signs of human weakness and corruption. A simple 
skylight would set the stage for nature’s most moving pag- 
eantry. 

But most significant is the possibility that the castle in 
the earth might be low enough in cost to avoid its becoming 
a debtors’ prison. Its opportunities for economy would be in 
the quantity and nature of materials required, work required 
at the site, maintenance, and operating cost. 

This underground approach to lower cost housing may 
be all wrong. It is cited only as an example of how far 
thought on rural housing might depart from tradition in con- 
sidering various possibilities. 

Regional surveys planned to show how farmers use the 
Various parts of their homes, and what they want their homes 
to do for them, are in progress. They may be expected to pro- 
vide a clearer picture of design objectives in farm housing 
thar. has been available at any previous time. Results may 
Sugsest ways of meeting basic requirements more economical- 


ly, with provision for adding luxury features as means permit. 

It occurs to us that substantial further progress in housing 
is apt to result from people thinking of houses not as ends 
in themselves, but as engineered accessories to the realization 
of human values. And the engineering of these accessories 
is subject to further improvement as to cost and serviceability 
of materials, quantities required, cost of delivery to the build- 
ing site, preparation of the building site, design for effective 
use, design for flexibility, and economy of fabrication. 

Because of its comparative freedom from restrictions, new 
standards of housing value may be expected to develop first 
in farm housing, and possibly in some other rural housing. 
Agricultural engineers have an opportunity to help farmers 
improve their housing without building debtors’ prisons on 
their own farms. 


Rural Processing 


GRICULTURAL engineers have been called upon in re- 

cent years to help with a number of farm processing 
problems. The full extent to which agricultural engineers 
might be helpful in farm processing progress remains to be 
outlined. 

Processing is a natural extension of basic production ser- 
vice to increase the total net value of the resulting products. 
It implies action on primary products to improve their pres- 
ervation, segregation, concentration, recombination, physical 
condition, and packaging, from the viewpoint of the user. 

It must be remembered that farmers have always per- 
formed some processing functions. Industrial processing of 
farm products is a comparatively recent development which 
has reached a high state of refinement. The point at which 
farm processing might most advantageously end, and indus- 
trial processing begin, is a highly variable resultant of a 
combination of variable engineering-economic factors. New 
steps in technical progress, changes in cost items, and changes 
in consumer demand may swing the balance of advantage of 
specific operations either toward or away from processing on 
or near the farm. 

There are several apparent advantages to performing 
certain processing operations in rural areas. The time factor 
favors farm action to preserve perishable products. Trans- 
portation and storage costs favor separation at the farm of 
dirt, extraneous matter, defective products, and bulk compo- 
nents with low market value. Some of these troublesome 
wastes to the urban processor or consumer have definite feed, 
fertilizer, or other values on the farm. Certain processing 
operations may offer a more profitable employment than in- 
creased acreage or livestock, for available farm capital, labor, 
and management ability. 

In other cases several factors distinctly favor processing 
by urban industries. Some processes are performed most eco- 
nomically with present technology, as large-scale, continuous 
operations, utilizing a variety of specially skilled personnel, 
and requiring larger quantities and varieties of farm product 
raw material than are available from any one farm or farm 
community. Investment in equipment, close technical con- 
trol, standardization of quality, profitable development of by-. 
products, and contacts with quantity outlets also commonly 
favor urban processing. 

Agricultural engineering interest in the subject is logically 
not in promoting farm processing as an end in itself, but in 
recognizing and developing specific opportunities to improve 
farm operating economy by processing some farm products 
on farms or in farm communities. To this end some agri- 
cultural engineers may profitably be employed to study the 
technology and production economics of processing both on 
farms and in large-scale industries, and to develop present 
and new methods and equipment by which rural operations 
may improve the over-all economy of farm product processing. 
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Many a farmer has a pint-sized shadow that 
tags him all over the farm . . . shrilly repeats 
his pet words ... dresses like a tiny twin. Like 
most little boys, he can’t wait to grow up. The 
thing he wants most in the world is to be a 
farmer just like his dad. 


Old-fashioned farming, with its never end- 
ing toil, often shattered this childhood dream 
—sent the boy off to the city to seek his for- 
tune. Today, it’s easier to keep him on the 
farm. Better crops and improved farming 
practices have boosted yields and farming 
profits. Modern John Deere power equipment 
has taken over much of the muscle work, and 


MOLINE 


PINT-SIZED SHADOW 


John |=.) Deere 


TLEENOES 


chopped hours from the old dawn-to-dusk 
work day. 


No wonder more and more farm boys are 
staying with the land—realizing a childhood 
ambition to follow in their fathers’ footsteps. 
This is a good sign. These young farmers will 
hasten the fuller mechanization of our agri- 
culture, pioneer new farming practices, and 
bolster vital food production. 


Yes, labor-saving, profit-making farm equip- 
ment is helping to raise our most valuable 
crop—young Americans who love the land. 
In such hands the future of our agriculture, 
and of America, will be secure. 
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Evaluation of Factors Affecting the Operating 
Stability of Wheel Tractors 


By Wayne H. Worthington 
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4S THE farm tractor originally evolved from its early 
4 steam prototype, operating stability was taken largely 
for granted. Tractors of that time were ponderous and 
the.- low drivewheel lugs afforded little penetration into the 
soil. the resulting traction was poor, and the ratio of drawbar 
puil to total weight was low. As long as field upsets were non- 
exisient, stability characteristics posed no problems. Tractors 
wit “good” field performance were found to have from 
30 ‘o 35% of their total static operating weight on the front 
wheels. Consequently, “weight distribution’ became the ac- 
cepied criterion of adequate design and as such was widely 
published and advertised. 


Fig. 1 This shows the location, determined experimentally, of the virtual 
center of lug reaction, V (below ground). D is the diameter of the 
wheel, and H is the height of the lug 


With the advent of smaller, lighter weight tractors, shortly 
after World War I, long, pointed drivewheel lugs were de- 
veloped, resulting in an increase in the ratio of drawbar pull 
to weight, and the need for higher crop clearance was ac- 
cented. As a result, tractor users and engineers alike became 
acutely stability conscious. All along, the development of 
tractor engines, transmissions, and components reflected the 
best current automotive practice of the day, although the kine- 
matic and dynamic characteristics of wheel tractors were not 
generally understood. Not until the publication of the classic 
investigation by Dr. E. G. McKibben (“The Kinematics and 
Dynamics of the Wheel-Type Farm Tractor”—AGRICULTURAL 
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Fig. 2 This shows the conditions of gradient operation. 
the notation which applies in determining the drawbar moment of instability and 


ENGINEERING, 1927, vol. 8, nos. 1 to 7 inclusive) was any 
well-organized knowledge of the subject available. The pur- 
pose of this paper is to trace the continuing development of 
means for evaluating field conditions affecting the operating 
stability characteristics of wheel tractors, and to discuss the 
various criteria by which dynamic stability can be quantitative- 
ly considered. 


STABILITY CHARACTERISTICS OF TRACTORS 
ON STEEL WHEELS 

One of the major contributions made at the time by Mc- 
Kibben to the existing knowledge of the subject was the rec- 
ognition and establishment of a “‘virtual center of wheel lug 
reaction”, as it pertained to tractors with steel wheels and high 
lugs. Under static conditions, the supporting point for a drive- 
wheel with lugs is on the ground, directly under the rear axle 
center. Under dynamic loading, composite external forces, in- 
cluding drawbar pull, rolling resistance, wheel lug penetra- 
tion, etc., combine to move the point of such support to a 
“virtual center” forward of the rear axle center and below 
the surface of the ground. 

Although recognizing and establishing the existence of 
this condition, McKibben concluded, “The location of C (vir- 
tual center of drivewheel lug reaction) under many operating 
conditions is one of the unsolved problems of soil traction 
dynamics.” Recognizing that the first step toward the reso- 
lution of external forces involved establishing their point of 
reaction, work was initiated at the John Deere Waterloo 
Tractor Works to determine experimentally the location of 
this “virtual center.” This was accomplished by running a 
series of drawbar tests over a range of wheel diameters and 
lug heights under conditions of increasing gradient and de- 
creasing drawbar pull, measured at the point of longitudinal 
instability. The results were equated and solved simultaneous- 
ly, whereby the position of the ‘‘virtual center” was established. 

The location of this virtual center of drivewheel lug reac- 
tion, operating on firm loam, with lug penetration to full 
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the tractor stability moment) 
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Sa OF TRAVEL IN STRAIGHT 
FORWARD DIRECTION — 


where D=drivewheel tire diameter 
H=spade lug height. 


Considerable confusion exists as to the term “tractor in- 
stability.” In ascending a hill, it is recognized that, :f the 
engine can apply enough torque to the rear axle, and /f the 
drivewheels are afforded sufficient traction to produce a large 
pull, the front wheels may be lifted from the ground. If the 
load is hitched to the rear end of the drawbar as intended, 
an upset under these conditions is unlikely because the hitch 
point lowers as the front wheels rise. Under this condition, 
the drawbar moment of instability (to be discussed in detail 
later) decreases, and tractors have been observed to continue 
in forward motion, without upsetting, after the front wheel 
leaves the ground. However, the only values which may be 
observed and repeatedly measured with consistent results are 
those occurring at the instant the front wheel leaves the 
ground. The criterion of dynamic stability will therefore be 
termed “critical angle of dynamic stability” and defined as 
“the angle whose slope is that of the steepest hill which a 
tractor may ascend under maximum drawbar load, measured 
as the weight of the front wheels on the ground becomes 
zero. 


Analysis of dynamic stability working on a gradient or hill 
is made for a tractor on steel wheels with lugs on the follow- 
ing premises: 

1 The tractor is a free body supported at the virtual cen- 
ter of lug reaction. 

2 Traction between the drivewheels and ground is suf- 
ficient to transmit ful! engine power with continued forward 
movement. 

3 Rolling resistance is considered as zero at that instant 
when the front wheels leave the ground as forward motion 
of the tractor is translated into angular rotation of the “frame” 
about the rear axle and forward travel 
instantaneously ceases. With no forward 
travel, rolling resistance drops to zero. 

Conditions of gradient operation are 
as in Fig. 2, and show the line of action 
and sense of the external forces acting 
on the free mass of the tractor. The 
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L.,=distance of center of gravity forward 
of rear axle, in 


ra irs 
F Bae \ D=drivewheel diameter (rim), in 
tT ry H=height of drawbar above ground, in 
— H.,=height of center of gravity above 
ground, in 
sheadiia ii Hi=distance of virtual center of lug te- 
———————rrT eo action below surface of ground, in 
Hy=height of drawbar above virtual center 
of lug reaction, in 
P=horizontal drawbar pull (on level 
| ground), lb 
P,;=drawbar pull on gradient (measured 
parallel with slope), lb 
Ms=tractor stability moment, lb-in 
a STABILITY ANGLE M:=drawbar moment of instability, 'b-in 
\ 
90° Both the tractor weight and drawbar pull 
moments, hereinafter designated the “stability 
moment” and “instability moment,” respective- 
THTING AXIS ly, are taken about the virtual center of lug 
Fig. 3 Determination of the critical angle of static longitudinal stability road V, and mathematically evaluated as 
depth, and the wheel rim contacting the ground surface, was Stability moment= Ms 
found as shown in Fig. 1 as follows: es 
Distance forward to rear axle center=0.20 D = W (Ve) 
Distance below surface of ground=0.30 H = W (Vd cosg) 


= W cos@ (Lr—dc) 
= W cos@ (Lr—Oc tanB ) 
= W cos8 {(L,,—0.20D ) — 
(H,, + Hr) tanB] 
Instability moment =M; 
=P,H, 
=(P—W sing) (H+H1) 


Location of the center of gravity can be experimentally 
determined as follows: 


Forward of Rear Axle Center. This distance is calculated consider- 
ing the weight distribution between the front and rear wheels 
and the wheelbase, taking moments about points of wheel sup- 
port on the ground. 


Above Ground Line. Location of the center of gravity above the 
ground is determined by placing the tractor on a tilting plat- 
form, secured as shown in Fig. 3. The drivewheels are re- 
strained against rotation and slippage and the platform tilted 
about an axis parallel with the tractor rear axle. This angular 
tilting of the platform is continued until the front end of the 
tractor is raised sufficiently to transfer the entire tractor weight 
to the rear wheels. At this point the weight on the front 
wheels becomes zero, the center of gravity is vertically above the 
point of rear wheel support, and any further tipping of the 


platform would result in overturning the tractor. Knowing 
SIDE SUPPORT OF STEEL 
WHEELS WHEN DETERMINING LATERAL STABLITY 
cent —< P 
— * 
sea noun 


~-LINE OF TRAVEL IN A STRAIGHT FORWARD DIRECTION 


following notation applies: , ‘ 


W =operating weight of tractor with 
operator, lb 


&=gradient angle, deg 


STABLITY FOR STD. TREAD TRACTOR 


OF MIN. LATER?: 
STABILITY FOR TRICYCLE TRACTOR 


MIN. LATERAL 


Fig. 4 Determination of the critical angle of static lateral stability 
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Fig. 5 Obstruction height with tractor of maximum working 
lateral stability 


the angle at which the platform is raised, the position of the 
center of gravity may be readily calculated. 

An alternate method for determining the position of the 
center of gravity, treating the tractor and supporting platform 
as a compound pendulum, is given by P. M. Heldt in his book, 
“The Automotive Chassis,” (1945 copyright pages 524-528 
inclusive). In our own work, the tilting table method is pre- 
ferred, since it automatically reflects the variations in tire deflec- 
tions resulting from weight transfer to the rear wheel. 

The angle of the plane of the tilting or stability platform, 
under the above conditions, measured from the horizontal, 
defines the “static angle of longitudinal stability.” Its use 
as a criterion of dynamic stability will be discussed later. 

Extensive field trials made with tractors on steel wheels 
with high lugs, including those of our own and competitive 
makes, revealed that when operating at low speed with a 
drawbar height of 15in (SAE-ASAE standard position), 
tractors generally accepted as having adequate operating sta- 
bility evidenced a “critical angle of dynamic stability” of not 
less than 19 deg. In other words, all such tractors would 
afford stable operation under a maximum drawbar pull up 
a hill of 19 deg, or, as more commonly expressed, with a 
slope of 34 per cent. 

Field tests to determine dynamic longitudinal stability 
characteristics are necessarily involved and expensive. After 
further research, it was found possible to correlate the values 
of the “critical angle of static stability,” as determined on 
the stability platform in the laboratory, with the minimum 
values of “critical angle of dynamic stability” established in 
the field as necessary for safe operation. 

The use of the stability platform as a means of evaluat- 
ing tractor stability characteristics was extended to include 
the lateral (sideways) tipping angle, measured with the tip- 
ping axis of the tractor parallel with the tipping axis of the 
platform, as shown in Fig. 4. 

Tractors observed to have satisfactory longitudinal sta- 
bility when operating on hills were found to have a minimum 
“critical angle of static stability,” measured longitudinally, of 
38 deg. Some tractors, particularly those of the orchard type 
in which ground clearance was compromised with over-all 
height, had observed critical angles ranging up to 44 deg. 
The “operating” or “stability” weight, with which these crit- 
ical angles were measured, arbitrarily includes 
the tractor with transmission, power train hous- 
ings and engine filled with lubricants, radiator 
filled with water, gasoline and fuel tanks half 
full, and 160 1b on the operator’s seat. 

While no over-all hard-and-fast rule can be 
established as to the “critical angle of static lon- 
gitudinal stability” necessary for satisfactory dy- 
namic stability, it was found that for our own 
specific type of steel wheel tractors, a critical 
angle of static stability of 38 deg was a criterion 
indicating adequate dynamic longitudinal stability 
and safe field operation. 


The lateral or sideways tipping angle of trac- 
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Fig. 6 Obstruction height with tractor of minimum working 
lateral stability 


tors with adjustable treads was determined at both maximum 
and minimum tread adjustment and a wide variation was 
found to exist. In our own thinking, we are unwilling to ac- 
cept as satisfactory any critical angle of lateral stability less 
than 30 deg. However, in the expediency of providing very 
narrow rear wheel treads, this angle was found in some in- 
stances to have been reduced to 21 deg. 

A further criterion of lateral stability is that reflected by 
the height of obstruction over which one rear wheel may be 
driven without loss of stability, as is shown in Figs. 5 and 6. 
This expresses a clearer idea of the significance of lateral 
stability than that conveyed by an abstract statement of 
critical static lateral stability angles alone. Any analysis of 
this maximum obstacle height was made for thirty tractors 
in their minimum rear wheel tread, including those of all 
leading manufacturers. These values ranged from a maxi- 
mum of 37.67 in to a minimum of 5.95 in, with an average of 
30.64 in. Oddly enough, both the maximum and minimum 
values were the general-purpose tractors made by the same 
manufacturer, evidencing little appreciation of the importance 
of this characteristic. 


STABILITY CHARACTERISTICS OF TRACTORS ON 
RUBBER TIRES 


First Condition. As rubber tires came into use, initial 
applications were made to tractors designed originally with 
steel wheels. In the minds of many manufacturers, it was 
imperative that sufficient rear wheel weight be provided to 
afford maximum power transmission through the tires in 
low gear, a condition which dramatically demonstrated the 
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Fig. 7 This diagram shows the forces acting on a tractor with rubber tires on 2 
hillside or gradient. (See accompanying text for the notation that applies 
under this condition) 
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superior traction characteristics of rubber tires as compared 
with steel. 

On firm level ground conditions, where lug penetration 
is negligible and wheel traction is at a maximum, the tire 
reaction with the ground was experimentally found to be 
located directly below the rear axle center line and at the 
surface of the ground rather than somewhat forward of 
this point as is frequently assumed. Under soft and sandy 
conditions, drivewheels sink into the soil, increasing the roll- 
ing resistance and decreasing available drawbar pull. Under 
such conditions the point of drivewheel reaction with the soil 
probably exists as a “virtual center”, located forward of the 
rear axle center, but in view of the low drawbar pull evidenced 
at such times, it may safely be concluded that the most un- 
favorable over-all conditions for dynamic stability are prob- 
ably present when operating on firm ground. Consequently 
investigation of the position of a possible “virtual center” be- 
came a matter of investigating variable soil conditions rather 
than tractor function, and was never felt to have sufficient 
practical application to justify the effort and expense in- 
volved. 

In Fig. 7 are shown diagrammatically the forces acting on 
a tractor with rubber tires on a hillside or gradient. The 
following notation applies: 

W =operating weight of tractor with operator, Ib 
B=gradient angle, deg 
L,,.=distance of center of gravity forward of rear axle 
center, in 
H,,,=height of center of gravity above ground line, in 
L,=distance of center of gravity behind front wheel 
center, in 
W3s—=wheelbase, in 
Wyxr=normal ground reaction on rear wheels, lb 
Wxsr=normal ground reaction on front wheels, lb 
Fy=tractive effort at ground line, lb 
R=rolling resistance, lb 
P=maximum drawbar pull on level ground, lb 
H=drawbar height above ground, in 
p.=traction coefficient 
Ms=stability moment, Ib-in 
M:=instability moment, lb-in 
P,=drawbar pull on gradient (measured parallel with 
slope), Ib 

Rational analysis of the dynamic stability of a tractor with 
rubber tires reveals: 

Stability moment, Ms=W cos@ (L.,—H,,tanB) 

=W (L,,, cose—H.,, sing) 
Instability moment, Mi=HP 
=(P-W sinB) 

Values of stability and instability moments of a represen- 
tative tractor, at one time in large-scale production, and on 
both steel wheels and rubber tires, are shown in Fig. 8. The 
point which determines the “critical angle of dynamic sta- 
bility” is that where the values of the stability and insta- 
bility moments are equal, as evidenced by the intersection of 
their respective lines. 

The tractor equipped with rubber tires was provided with 
added drivewheel ballast (wheel weights and solution in tires) 
equal that of the official Nebraska Tractor Test. On steel 
wheels, the lug and total weights were likewise equal to the 
corresponding Nebraska test values. It will be seen from an 
inspection of Fig. 8 that the “critical angle of dynamic sta- 
bility” on rubber tires was 6 deg 45 min greater than that ob- 
served when operating with steel wheels and lugs. However, 
when tested for static stability, the critical angle of the trac- 
tor with rubber tires and added wheel weights was but 33 deg 
50 min, as compared with a critical angle of 42 deg 30 min 
on steel wheels. 

Consideration of factors affecting the static and dynamic 
behavior of any tractor on rubber tires, as compared with 
steel wheels, develops outstanding points of difference: 
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\ DETERMINATION OF GRITICAL ANGLE 
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Fig. 8 Determination of the critical angle of dynamic longitudinal 
stability for a tractor on both steel wheels and rubber tires 


1 On drivewheels with rubber tires working on firm 
level ground, the dynamic reaction of the soil is through a 
point directly below the rear axle and at the surface, rather 
than through a “virtual center” ahead of the rear axle and 
below the surface, with the following results (as compared with 
steel wheel operation): (a) The distance component of the 
stability moment, resulting from the weight reaction through 
the center of gravity, is increased. This proportionately in- 
creases the stability moment. (b) The distance component of 
the instability moment resulting from drawbar pull is re- 
duced. This proportionately reduces the instability moment. 

2 The addition of drivewheel weights to afford increased 
traction brings the center of gravity rearward toward the 
rear axle and thereby reduces the “critical angle of static !on- 
gitudinal stability.” 

The fundamental changes in the relationships between s\ atic 
and dynamic longitudinal stability characteristics, brought 
about by the transition from steel wheels to rubber tires, ren- 
dered obsolete any earlier thinking of static stability determi- 
nations as the measuring stick of satisfactory field performance. 
Other than actual field tests of operational characteristics. no 
satisfactory method of evaluating the dynamic stability char- 
acteristics of tractors equipped with rubber tires has yet veen 
devised. Some laboratory method for simulating actual ‘eld 
conditions would seem to afford an accurate and depenc able 
test procedure. 


Second Condition. As the application of rubber tire to 
tractors increased, greater field use was made of speeds hi het 
than those either possible or practical with steel wheels. I. be- 
came generally accepted that the over-all performance vel 
of a tractor might be improved were the lowest speeds sed 
to afford the slow travel necessary for some special fiel« re- 
quirement, rather than as an emergency means of increasing 
drawbar pull. This orientation of the users’ ideas of accepta- 
ble low-speed performance was reflected in the design of 
tractors so weighted that the maximum drawbar pull in -he 
lowest speed ranges was little above that available in he 
“regular” working speeds. As a result, basic tractor des ga 
was affected in several ways: 
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1 Maximum drawbar pull in low gear was limited by 
maximum permissible travel reduction (slippage) rather than 
maximum engine horsepower. 

2 Maximum drawbar horsepower in low speeds became 
greatly reduced from that developed in the higher working 
specds, where the wheels were capable of transmitting full 
engine power with normal travel reduction. 

3 The tractor operating weight per horsepower, on both 
drawbar and belt, was reduced. : 

4 The ratio of drawbar pull to operating weight increased 
in all operating speeds above the very lowest. 

5 A potential tractive effort in low gear existed, available 
only if and when additional weight were added to the drive- 
wheels. 

In such a tractor, any weight transferred to the rear 
wheels, as when ascending a hill, operates to increase the trac- 
tion between the tires and the ground and affords utilization 
of some part of excess engine power. This results in an in- 
crease in tractive effort, and in turn affects the dynamic stabil- 
ity characteristics of the tractor. These changed characteristics 
are analyzed below. 

Referring again to Fig. 7 and the accompanying notation, 
the following formulas may be derived, considering rolling 
resistance: 


Wy»ex=ground reaction on drivewheels, normal to surface 


W (L, cos8 + H,, sing) + P,H 
= {1} 
Ws 
p==traction coefficient 
Fry 
~ Wre a 
_P,+Wsing+R 
a “ae {3] 
P,=drawbar pull on gradient (measured parallel to 
slope) 
__W (L, cosB + H,,sing)—Wx(W sing + R) [4] 
re. Ws—pH 
Transposing 


Ws (P, + W sinB + R) 


“=~ W (L,cosB + H,,sinB) + P,H 6) 


Ms=moment of stability 


123 
=L,,W cosB — H,, W sinB 
=W (L,, cosB — H,, sin) {6} 
M:=moment of instability 
=P.H {7} 


Considering equations [6] and [7] simultaneously, and 
with the rolling resistance R taken as zero, the “critical angle 
of dynamic stability” may be readily calculated. 


To determine whether to apply the method of analysis 
developed for the first or second condition, proceed with the 
investigation as follows: 


Let Rr=rolling radius of drivewheel tire, in 


N=rear axle rpm in gear ratio considered and at en- 
gine speed at maximum torque 


n==number of gear reductions between engine and 
drivewheels 


E=efficiency per step of gear reduction 


Take further notation as above 


HP=traction horsepower (delivered at the ground line 
by the tire) 


Wrr 27Rxr N 
~~ 33000 12. —& [8] 


If the value of HP as determined from equation [8] is 
greater than maximum engine horsepower at speed consi- 
dered, use the first method for determining the “critical angle 
of dynamic stability.” If the value of HP so determined is 
less than the maximum engine horsepower, use the second 
method. 

When experimentally determined under conditions of 
“maximum critical angle of dynamic stability” and operat- 
ing on firm soil, the values of traction coefficient were found 
to range from a minimum of 0.76 to a maximum of 0.83. 
For stability calculations, the maximum probable value of yp 
is important. When other evidence is considered, it seems 
likely that 0.80 will cover the greater number of cases, al- 
though as explained higher values have been found occasion- 
ally to occur. In our work, extensive transmission dynamo- 
meter tests reveal an over-all transmission efficiency per step 
of gear reduction averaging 0.985. This takes into consid- 
eration a// transmission losses from the crankshaft through 
the final drive, including those resulting from gear contacts, 
bearing friction, oil churning, etc. 


(This paper will be concluded in the April issue) 
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Left: John Deere-Killefer wheel-type offset disk harrow, equipped hydraulic control, and transported by a John Deere Model G tractor e 
Right: The new John Deere push-type manure loader in use with tractor and spreader of the same make 
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The Design of a General-Purpose Farm Wagon 
Rack for Mechanical Unloading __ 


By L. H. Hodges 


Junior Member A.S.A.E. 


. 


HE farm wagon, although a vehicle of much promi- 
nence in the horse-and-buggy days, did not become ob- 
solete with the advent of the machine age. It has just 
recently undergone new stages of development and is now a 
rubber-tired, rugged vehicle built for mechanical unloading, 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1948, as a 
contribution of the Power and Machinery Division. 


L. H.* Hopces is instructor in agricultural engineering, University 
of Wisconsin, Madison. 
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high-speed operation, and a wide range of applications. 

Ninety per cent of the nation’s harvested acreage is cov- 
ered by four principal crops. The food grains (wheat, rice, 
rye, and buckwheat), the feed grains (corn, oats, barley, and 
sorghums), and the hay crops cover 84 per cent of this acre- 
age and cotton covers the other 6 per cent. The wagon is «s- 
sential in the production of all of these crops regardless of 
locality or method of harvesting. 

The most common forms in which some of these products 
are hauled may be listed as follows: 

1 Hay — loose, baled, or chopped 
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Six views of the general-purpose wagon rack developed by agricultural engineers at the University of Wisconsin: Fig. 1 Flat platform « Fic. 
2 Rack with uprights + Fig. 3 The low rack + Fig. 4 Four panel sideboards + Fig. 5 Silage rack, rear unloading « Fig. 6 Combi- 
nation silage and hay rack, rear unloading 
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Fig. 7 Structural view of the platform frame 


2 Straw — loose, baled, or chopped 

3 Corn —in bundles, in the ear, shelled, or chopped for 
silage by a forage harvester 

4 Grain —in bundles, threshed, or threshed and in bags 

5 Cotton — loose or baled. 

Our objective at the University of Wisconsin was to de- 
velop a general-purpose wagon rack, designed for mechanical 
unloading, that would do as many of these hauling jobs as 
possible. We do not claim that all the ideas are necessarily 
ours. They are based on many ideas and years of work in 
this field. Our designs are primarily 


to fit Wisconsin conditions, but in TABLE 1. 
many cases they will work equally 
well in other localities. — Net weight 
Racks with mechanical unloaders “~~ eT 
are of course rather expensive. High- 
ly specialized farmers such as fruit : 5500 
and vegetable growers can probably . 5910 
aflord wagons designed for special 7 : hae 
jobs, but the so-called “average” , 
farmer cannot invest too much mon- Average 5752 
ey in a unit to do a specialized job. 
Therefore, if a farmer is to have a 1 6200 
wagon rack with mechanical unload- 2 5990 
ing for chopped hay, grass silage, 3 4340 
and corn silage, it must be a general- 4+ 6880 
purpose wagon in order to distribute ini re 
the cost over a large number of 
jobs. 

The basic unit for the general-pur- 1 5800 
pose wagon rack consists of a running 2 4300 
gear and a flat platform upon which 3 4370 
can be mounted various types of rack 4t 6960 
equipment suitable for hauling prac- Average 5857 


tically all farm products. The com- 
pleted platform is shown in Fig. 1. 


The selection of rack equipment 
will depend upon the needs of the 
particular farm. On this flat platform 
uprights (Fig. 2) may be used for 
hauling loose hay or bundles of 
corn and grain sorghum, rear up- 
tights for bales, and low sides (Fig. 
3), one to two feet high, for haul- 
ing grain and corn. 


The four panel sides are shown 
in Fig. 4 and are suitable for hand 
unloading out the side. The 42-in 
high solid sides (Fig. 5) are designed 
for hauling field chopped grass or 
corn silage that is to be unloaded 
from the rear. The high rack (Fig. 6) 
is designed for hauling field-chopped 
hay, straw, or silage that is to be un- 
loaded from the rear. 

The general requirements to be 
met in the design of this rack are 
(1) sufficient capacity both in weight 


End sections opened 
Curing unleeding 
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and volume, (2) rugged construction 
for high speeds and hauling heavy 
loads over rough ground, and (3) 
installation of mechanical unloading 
devices either at the time of con- 
struction or at a later date. 

Generally we recommend that the 
flat platform be 7 ft 11 in wide and 
14 ft long, as shown in Fig. 7. If the 
wagon and rack are to be used behind a two-row mounted 
corn picker, it should not be more than 7 ft wide. Some oper- 
ators prefer to have a rack that is 16 ft long, which is en- 
tirely satisfactory. These suggested sizes will provide sufti- 
cient capacity when proper rack equipment is used. 

In order to provide the rugged construction necessary, all 
principal joints and connections should be bolted with machine 
bolts wherever possible (Fig. 7). Endgate and sideboards are 
nailed with nails long enough to clinch. 

If home-sawed oak is available, it is recommended for the 
frame of the platform, the stake pocket rails (part number 6, 
Fig. 7), stakes, and stake braces (part numbers 7, 8, Fig. 7). 
It should be thoroughly seasoned and dressed to commercial 
sizes. If commercial lumber is used, Douglas fir is recom- 
mended for the frame, stake pockets, and stakes. 

The floor planks may be of pine and the sideboards and 
endgates and doors of pine or hemlock. 

The stake pocket rail construction (part number 6, Fig. 7) 
will suffer less damage than metal stake pockets bolted to 


POWER REQUIRED TO OPERATE THE CANVAS APRON 


WAGON UNLOADER 
Net horsepower perm ton* 
At start 1 ft unloaded 4% unloaded % unloaded 
Wagon No. 1, straight sides, wood floor 
0.076 0.192 0.140 0.098 
0.091 0.218 0.172 0.108 
0.090 0.190 0.156 0.094 
0.073 0.182 0.150 0.096 
0.082 0.195 0.154 0.099 
Wagon ‘No. 2, tapered sides, wood floor 
0.009 0.162 0.128 0.076 
0.081 0.198 0.130 0.090 
0.023 0.146 0.106 0.078 
0.093 0.194 0.144 0.154 
0.052 0.175 0.127 0.099 
Wagon No. 3, tapered sides, metal floor 
0.176 0.172 0.130 0.092 
0.152 0.200 0.158 0.102 
0.183 0.200 0.160 0.110 
0.115 0.200 0.184 0.150 
0.156 0.193 0.158 0.113 


*All horsepower shown is net horsepower required to operate the unloader. The power required 
to operate the motor and gearbox has been subtracted. The power loss in the motor was 0.215 hp; 
in the gearbox, 0.109 hp; total, 0.324 hp. 


+Tests on load No. 4 on each of the three wagons were made after a light rain and the silage 
was extremely wet as compared to loads Nos. 1, 2, and 3. 


Speed reduction train - Ratic 44 ti 
Unteeding clutch 


Fig. 8 Cross conveyor for side unloading 


te ae + ae ee ae a So re eer 
pa ll ee eee ll 
ee Sar Paseo “i i . i ir ki es See eae es ae 
9 §  AcricuLTURAL ENGINEERING for March 1949 | 
| O : - in 
La FJ ——n 
eee SSS SS 
| OS SSS EB 
q 4 — 83> = CGA 
So Se 2 
ie « a poe 
le (2 ; 
| : 
y 
. REAR és © | 
f PC 
ee 
| 
— -_ bree Aoter 
ty 
oe <= PSE — i ere ie Caer = 
TA - — 
ee — oe Eleve' 
es TMM y || seated 
aa in | 
| eee | SEE8 san) > 
pI A 
oll tet I lt | 
l icone | SSE ee Lae . 
|p pitt fore (hy aan 
| S88 | eee | SR Ret 
z, mma: ae eee ~ vo te. 
4h. ——— ———— oe" tt I | 
ee 
fa Mo Sh cee a. Sete LR aes UP evar ecm mane ar Sorc pean © rs 8 


Fig. 9 (Above) This shows application of the canvas apron for rear 
(Right) Comparison of the wide-tread and 


Fig. 10 
conventional farm wagon 


unloading « 


the sides of the platform should the wagon strike a fence 
post or other obstruction. 

Mechanical unloading devices may be used on this rack 
without making any changes in design. The three most com- 
mon types of mechanical unloaders in use today are the slid- 
ing front endgate, the canvas apron (Fig. 9), and conveyor 
chains with cross slats (Fig. 5) like a manure spreader apron. 

Unloaders of the sliding-front endgate type were built 
at the University of Wisconsin as early as 1927. A picture 
of the first unit in operation was published in the annual 
experiment station report of the University of Wisconsin, Bul- 
letin No. 396, December, 1927. 

No test data is available for publication on these early 
models, but experience gained from their operation caused 
them to be abandoned in favor of some other type of unload- 
ing device. Some people have used this type of unloader 
with limited success. It has two principal disadvantages, how- 
ever: (1) it requires an excessive amount of power and (2) 
it causes an undue amount of strain on the rack. 

In 1936, plans for a side-unloading chain and slat con- 
veyor were developed for a two-wheel tractor trailer. The 
same diagram as shown in Fig. 8 was printed in the annual 
experiment station report of the University of Wisconsin, Bul- 
letin No. 438, March, 1936. The idea was sound but the 
cost and design problems encountered were such that an 
actual unit was never built and operated. 

The canvas apron type of unloader (Fig. 9) was next to 
receive attention. It appeared in various forms and localities 
for a good many years. The canvas apron unloader as built at 
the University of Wisconsin consists of a roller made of 
2Y-in extra heavy or 3-in standard steel pipe. Number 6 
canvas (2114 oz per sq yd) is “nailed” to the pipe roller using 
galvanized roofing nails. The canvas should be long enough 
to leave at least two turns of canvas on the roller at all times 
and to extend the length of the rack and drape over the front 
endgate. 

Longitudinal seams must be avoided. Crosswise seams the 
entire width of the canvas will not cause any serious dif- 
ficulties. 


ae 
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The roller is driven at a speed of from 3 to 5 rpm. The 
speed of course is limited by the capacity of the blower or 
the elevating equipment that is receiving the product from 
the wagon. 

Table 1 shows the power required to operate the canvas 
unloader. It should be noted that it required more power to 
operate the unloader in the wagon with the metal floor than 
it did in the other two wagons. 

The power required to operate the unloader may be te- 
duced by tapering the sides of the rack as indicated in Table 
1. It is felt, however, that the saving in power is not enough 
to justify the construction difficulties encountered in tapering 
the rack. 

Table 1 also shows that the peak load occurs after some 
part of the load at the rear has been unloaded. One foot 
is approximately the point where the slack and stretch in 
the canvas is taken up and the entire load starts to move 
back as one unit. 

We found the canvas apron type of unloader to be very 
satisfactory and highly recommend it for many applications. 

An endless chain and slat conveyor (Figs. 5 and 11) simi- 
lar to a manure spreader apron, was the next type of un- 
loader to be developed. No. 67 chain was used with 114x11/)x- 
Y4-in angle-iron cross slats spaced approximately 16 in apart. 

One of the first problems encountered was to obtain clear- 
ance for a conveyor that is wide enough to do the job. Bolster 
stake spacing on wagons for the cotton belt is 42 in, where- 
as it is only 38 in for the corn belt. Neither of these spacings 
will allow the main sills of the wagon to be moved out far 
enough to give room for a conveyor of sufficient width. 

Some of the methods that have been tried for solving 
this problem may be outlined as follows: (1) put in three 
narrow conveyors, one running between the bolster stakes and 
the other two outside of them; (2) put in removable slop- 
ing sides that feed the load into a narrow center conveyor, 
and (3) put in a double set of cross sills with spacers between 
them at the outer edges; one wide conveyor runs in the space 
between the two sets of cross sills. 


(Continued on page 128) 


Fig. 11 (Right) The drop-center conveyor is a more recent development with the wide-tread wagon and chain slat conveyor « Fig. 12 The 


drop-center wagon with false floor 
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to the drought years of 1932 to 1934 when many of 
us dug temporary trench silos to salvage what feed 
§ we could for our livestock. In those earlier days we cut our 
S corn with a binder, loaded the heavy bundles on flat-bottom 
S racks by brute force and awkwardness, and by the same 
S metho! heaved them into a stationary cutter at the silo. A 
crew f over twenty men was needed for this silo filling job, 
and when night came we were all ready to call it a day. I 
give t is early experience as an illustration of how to handle 
B silage the hard way. 
f Three years ago, our silo ring purchased a field cutter and 
| blowe' which has changed our methods. Our present cutter 
Fis pover take-off-driven, and candidly we don’t like it. Our 
full three-plow tractors will not handle it in our heavy corn; 


1 
; 
; 
O-« experiences in handling chopped forages date back 
: 
7 


so we are in the market for a job equipped with a motor;- 


the biger the motor, the better. 


| We prefer to pull our wagons at the side instead of 
f trailins them behind the cutter. This lightens the load on, the 
F tracto: operating the cutter and also saves a lot of time lost 
; in changing wagons. 
| Our first attempt at mechanical unloading was to lay 
} woven wire in the bottom of the wagons, hook a tractor to 
| this wire, and roll the load out the back end. After tearing 
up a jot of wire and wagon boxes, we next tried hoisting the 
front ends of the wagons, but soon found that silage will not 
f roll out like grain. Our final solution was to place false 
endgaies in the front of the wagon with cables attached and 
extending along the floor to the rear endgate. By hooking 
these cables to a deadman and driving forward or by 
pulling on them with another tractor, the load was slid out 
the back end into the trench or blower. The type of false 
endgate that worked best was one made with the lower half 
inclined around 20 deg from the vertical. The silage pressure 
on this inclined surface has a downward component that 
holds the endgate to the floor and results in a perfect clean- 
out job. 
A year ago last summer, being dissatisfied with the large 


This paper was presented at the winter meeting of the American 
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Handling Chopped Forages on the Farm 


By Fred Hawthorn 
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amount of spoilage in our trench silo, we bulldozed it in 
and replaced it with a permanent concrete pit silo. We have 
worked out some new and highly efficient methods of han- 
dling chopped forage to and from this silo which I will brief- 
ly explain. 

Before building our new silo, we interviewed many pit 
silo owners and found that farmers liked them very much, 
except that many were having a lot of trouble with their 
homemade hoists. No wonder. These Rube Goldberg con- 
traptions would give any engineer the shudders. After consid- 
erable study of the problem, we decided on an industrial 
electric chain hoist, such as is used in factories, for our job. 
This 14-ton hoist travels on a trolley on an I beam track 
built above the silo and extending 50 ft beyond, over the feed 
bunks. 

First, just a word about the silo itself. The top or curb 
is made of building tile plastered on both sides. It is 14 ft in 
diameter and extends 3 ft above ground and 5 ft below. From 
this tile curb to the bottom, the wall is just plastered around 
¥%4-in thick into a lining of poultry netting which serves as 
reinforcing. Total depth of the silo is 42 ft. After two years 
of service, not a single crack has appeared in the wall, so 
this cheap plastered construction seems to be adequate. 

When unloading, the wagon is backed up to the silo with 
the back end extending over the curb. Instead of a tractor, 
power from the electric hoist is used to pull silage from the 
wagon. Only one man is needed, and all he has to do is to 
hook the hoist to the false endgate cables, close the hoist mo- 
tor switch, and watch the silage fall into the pit. A simple 
double-block arrangement doubles the hoist’s normal pulling 
power to 2000 or 30001b when working at its 50 per cent 
overload rating. It has no trouble pulling off loads that make 
a two-plow tractor spin its wheels to start. 

We like flat-bottom wagon boxes much better than the 
flare types, although we use both kinds. Our box is 6x11 ft 
and, with silage sideboards, holds about two tons. Angle 
irons are bolted to the rear corners with their tops held to- 
gether by a wagon rod to prevent the rear end of the box 
from spreading when the endgate is removed. 

The main hoist chain, traveling 24 fpm, moves the false 
endgate 12 fpm, unloading two tons of silage in 55 sec with 
only a 34-hp electric motor. This figures 130 tons unloaded 


Left: A general view of the pit silo and track on Fred Hawthorn’s Iowa farm. This setup not only gets the silage out of the pit but puts it in 
the feed bunk. On the cold winter morning shown in this picture, the cattle seem to be enjoying their steaming hot feed ¢ Right: A close-up 
showing construction of the silage box and method of tipping for easy removal of silage into bunks 
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This 14-ton chain hoist with 34-hp electric motor moves a 2-ton load of 

silage from wagon to pit in less than a minute. The pit silo cuts the 

silo-filling crew by two or three men as well as eliminating a tractor 
and blower 


per hour or 173 tons unloaded per horsepower-hour. When 
filling an upright silo, we use three extra men, two more 
tractors, and a blower; and it takes five times as long to un- 
load. 

After the silo is filled, the forage-handling job requiring 
the most total man-hours is yet to be done. I refer to the job 
of getting the material from silo to feed bunks. 

The hoist handles a silage box holding 800 lb or enough 
to feed around 50 head of cattle when fed twice daily. We 
could ride the silage box up and down but prefer to use a 
ladder. Some farmers think this ladder is dangerous. Per- 
haps, but what about an upright silo? If you fall into a pit 
silo, you land on soft silage; but if you slip off the ladder of 
an upright silo, your fall will be cushioned by a slab of con- 
crete. Take your choice. 

The average lift of 21 ft takes 52 sec. After the load is 
hoisted, a slight push sends it to the far end of track on the 
roller-bearing trolley. The box is lowered into the feed bunk 
to slacken cables and the two cables on the door end of the 
box are hooked out to the ends of the lengthening chains. 
When the box is again hoisted, it is tipped toward the door 
around 30 deg, making it an easy matter to rake silage out 
the open door as the box is pushed along the bunk. 

Silage comes out of our pit silo at near blood heat even 
in subzero weather. Cattle like this steaming hot silage better 
than chewing on frozen chunks as often obtained from an 
upright silo. 

The only special equipment we had to improvise for our 
hoist was a special size chain bucket for the 42 ft of roller 
chain. The hoist company does not provide a bucket that 
will hold more than 25 ft. The only trouble we ever had with 
the hoist was on several —25F mornings when we had to put 
a heat lamp under the gear case for a few minutes to warm 
up the oil. A lighter transmission oil in winter would prob- 
ably be a better solution. 

Summarizing our experiences, we have found the false- 
endgate method of unloading chopped forage quite satisfac- 
tory. The cost of the false endgates is negligible and ordi- 
nary farm wagons may be used with practically no changes. 
Thus the investment in special equipment is kept extremely 
low. 

Handling silage electrically into and out of our pit silo 
has proved particularly efficient from the standpoint of speed 
and low man-hour and power requirements. Incidentally, we 
think pit silos also have many other important advantages, 
such as extremely low first cost and practically no upkeep. 
Wind and lightning cannot damage them, and they are air- 
tight, with no doors to leak or cause spoilage. The silage 
never freezes in winter, and, last but not least, they are a 
natural for our coming new crop, grass silage. No extra re- 
inforcing rods are necessary because the earth furnishes all the 
needed pressure resistance. 
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Our methods of handling chopped forages, as well as che 
success of our pit silo, are largely dependent on high-line 
electricity. With the rapid spread of rural electrification and 
a more general use of grass silage, I foresee underground or 
pit-type silos becoming more popular in localities where ground 
water and soil conditions permit their use. 


General-Purpose Farm Wagon Rack 
for Mechanical Unloading 


(Continued from page 126) 


Briefly comparing the three methods, it is found that he 
three conveyors increase the cost excessively; the sloping sicles 
result in a considerable loss of capacity, to say nothing of ‘he 
trouble of putting them in and taking them out again, an: a 
double set of cross sills means added material and gets ‘he 
floor of the wagon rather high off the ground. 

Not being satisfied with the foregoing methods, it was le- 
cided to redesign the wagon from the ground up. 

The first step was to develop a widetread wagon gear with 
a bolster stake spacing wide enough for one conveyor to do the 
job. 

Specifications of the new wagon as compared with the 
conventional units are shown in Fig. 10. The reasons for the 
wide tread are as follows: 

1 To secure a wider bolster spacing so that one wide 
chain and slat apron can be used 

2 It will straddle corn rows much better when used with 
a corn picker or forage harvester 

3 Much less tendency to tip over on sidehills 

4 It will ride better over uneven ground 

Automobile-type steering eliminates the problem of ‘“whip- 
ping” in the widetread vehicle, and we have found it most 
satisfactory under all conditions tried thus far. Now with 
the wide bolster stake spacing, one wide conveyor may be 
used for unloading. Five-inch channel iron is used for the 
main sills so as to lose a minimum of this valuable width 
gained by setting the bolster stakes out. 

Tests which were run indicate that there is no significant 
difference between the power required to operate this type of 
unloader and that required to operate the canvas apron. 

A more recent development with the widetread wagon and 
chain slat conveyor is to drop the center section of the unit 
as shown in Fig. 11. With this construction it is not necessary 
to remove the conveyor when a smooth-bottom rack is desired 
but just put in false floors as shown in Fig. 12. 

At present an auxiliary power unit consisting of a 34-hp 
electric motor and proper reduction gears is used to drive the 
unloaders. A power-take-off drive may be used. The drive 
unit is subjected to loads up to 12,000 in-lb of torque for ‘he 
canvas apron driven at a speed of 3 rpm. 

A seven-tooth sprocket is about the smallest that can be 
used on the chain and slat conveyor where the rack is made of 
wood. If the cross sills and floors were made of metal. a 
slightly smaller sprocket could be used. With the seven-to th 
sprocket, loads of 16,000 in-lb of torque are encountered end 
drive units must be constructed to withstand such loads. 

The principal conclusions that can be reached and rec: n- 
mendations that can be made are briefly summarized bel.w: 

1 The sliding-front-endgate type of unloader requires 1n 
excessive amount of power and causes undue strain on he 
rack. 

2 The canvas apron type of unloader works excellen  y, 
is easily removed, is less expensive than the chain and < :t 
type, but cannot be used for hauling manure. 

3 The widetread wagon with drop-center conveyor 
proven most satisfactory. It can be used for hauling man ° 
in addition to other products. It cannot be used for unlo ‘- 
ing potatoes, whereas the canvas apron type can. 

4 Number 67 chain stretches too much for best ope: '- 
tion, so a heavier chain or one with less stretch should be us«-. 

5 The rear door, hung from the top and equipped wi) 
counterbalance springs as shown in Figs. 5 and 6, is high y 
desirable. 
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Results of Research 


cutting and using about 50 per cent more saw timber 

A. than it grows is an important reason why attention is 

being directed toward development of other construction ma- 

ter als that will be lower in cost and readily available to the 

farmer. Lightweight concrete is one material that offers good 
po sibilities. 

Considerable research has already been done on light- 
we ght concretes, but there is still much to be done and many 
problems in connection with their use that offer a challenge 
to agricultural engineers. Research on lightweight concretes 
off -rs opportunity for performing an important public service 
to ‘armers. 

Lightweight concretes are of four principal types, as fol- 
lov s: 

1 Lightweight aggregate concretes which owe their light- 
ness to light mineral aggregates 

2 Porous concretes composed of cement and a uniform- 
sized coarse aggregate and no fine aggregate 

3 Foam and gas concretes which are lightweight because 
of the presence of a large number of air or gas voids 

4 Organic filler concretes in which organic fillers are 
used to decrease the weight and thermal conductivity of the 
concrete. 

Type 1. Lightweight Aggregate Concretes. The physical 
properties of lightweight aggregate concretes vary consider- 
ably with the size and kind of aggregate used. They may 
be divided into three general classes: 


4 ie fact that this country has for several years been 


Class Strength Use 
A High Structural members, beams, etc. 
B Medium ‘Load-bearing walls, slabs, etc. 
j Low Non-load-bearing walls, subfloors, 


and insulation 


The strength of concretes generally varies with the weight. 
The stronger, heavier concretes give much more strength per 
pound of weight than do the light concretes. It is therefore 
possible to find one kind of aggregate, like expanded clay, 
in two concrete classes because of different weights of the 
aggregates. 

Lightweight mineral aggregates of current commercial im- 
portance are limited to the following: 


Concrete 
Strength 
Class 


Aggregate 
Cinders from the high-temperature combustion of 
| __ AERERER ESR IM SE SRO Lae a Seen CRO 
Expanded clays, shales, and slates 
Expanded blast-furmace slags ...2.cceouennmennnn 
Expanded micaceous minerals, such as vermiculite C 


Pumice, a naturally occuring foam of volcanic 
{ee eka eee 


Expanded volcanic glasses, such as perlite............. Cc 
Untreated or heat-treated diatomaceous minerals C 
A 
B 
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Natural volcanic cinders (SCOTIA) 2. cecee cece 

Some of these aggregates produce concretes of such low 
strength that they are not considered suitable for use in struc- 


tural concrete. For example, concretes made with vermiculite 
or perlite usually have such low strength that they are best 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, III., December 1948, as a 
contribution of the Farm Structures Division. 

E. G. MOLANDER is senior agricultural engineer, division of farm 
b ildings and rural housing (BPISAE), U. S. Department of Agricul- 
tre, Agricultural Research Center, Beltsville, Md. ; 
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on Lightweight Concretes 
By E. G. Molander 
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adapted for non-loadbearing use where extreme lightness of 


weight and thermal insulation are highly advantageous. 

Lightweight concretes of mineral aggregates are propor- 
tioned and mixed in much the same way as ordinary con- 
cretes. Aggregate particles usually are of small maximum 
size, Y or in for the stronger materials and 1/16 or 1% in 
for those in which the particles are very light and fragile. 
The grading of the aggregates need not differ from that for 
ordinary concrete. 

As the absorption of lightweight aggregates usually is 
very high, it is advisable to prewet them so as to avoid too 
rapid absorption of the mixing water in freshly mixed con- 
crete. A longer period of mixing than for ordinary concrete 
is needed to assure uniformity. Concretes that contain too 
much mixing water not only will have very low strength and 
high shrinkage but also will tend to segregate because the 
light particles may float. 

Nearly all concretes of lightweight aggregate have poor 
working qualities unless they contain an addition that is effec- 
tive in overcoming harshness. It is probably for this reason 
that the use of rich mixtures is customary despite the dele- 
terious effect of high cement content on weight, thermal con- 
ductivity, shrinkage, nailability, and economy. 

Recently it has been found that the use of a small amount 
of an air entraining agent makes possible attainment of excel- 
lent workability, even with concretes containing as little as 3 
sacks of cement per cubic yard. The increase in the volume 
of the concrete more than compensates for the cost of the 
agent and the entrapment of numerous very small air bubbles 
decreases the weight and thermal conductivity, usually with- 
out too serious an impairment of strength. 

It is not possible to make accurate predictions of the prop- 
erties of lightweight aggregate concretes. Aggregates of the 
same type are not uniform in properties, and a wide range of 
properties of the concrete can be obtained with each type, 
depending upon the grading, the cement content, and the con- 
sistency. The properties indicated in Table 1 are believed to 
be readily attainable with plastic concretes containing en- 
trained air and having a slump of 3 to Gin. 

Weights, strengths, and conductivities are much lower 
than for ordinary concretes and the shrinkages are higher. 
The limited data available indicate that lightweight aggregate 
concretes have a good record for durability, despite their low 
strengths, except those having compressive strengths less than 
about 1,000 lb/in?. Their fire resistance usually is superior 
to that of ordinary concretes. The concretes of moderate or 
low strength are nailable, and they can readily, be cut by 
means of bricklayer’s tools. The best nail-holding power is 
obtained in concretes with expanded slag, natural pumice, per- 
lite, or scoria. 

Lightweight mineral aggregate is not a low-cost material 
and is not readily available to farmers in general except in 
localities close to those in which the materials are processed. 
Additional manufacturing plants more evenly distributed in 
all regions would probably increase the use of this material 
on the farm. 

The U. S. Bureau of Reclamation, Denver, Colo., and the 
National Bureau of Standards, Washington, D. C., have re- 
cently completed extensive tests on lightweight aggregate con- 
cretes at the request of the Housing and Home Finance 
Agency in Washington. This agency is planning to issue a re- 
port on these tests in the near future. 

Type 2. Porous Concretes. Concretes of this type fall 
within the lower range of medium strength but are low in 
cost, easy to handle, and therefore should be more widely 
used on the farm. They consist of more or less uniform- 
sized gravel and enough cement slurry to bond the stones to- 
gether. As no sand is used, the quantity of cement needed is 
comparatively small, and a mixture of 1 part cement to 9 or 
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11 parts of gravel will develop a concrete sufficiently strong 
for ordinary wall construction. The English found that a 
proportion of 1 part cement to 18 parts gravel would give a 
compressive strength of 400 lb per sq in, which would be sat- 
isfactory for subfloors in barns and basements. 


Porous concrete is easy to mix and place, flows readily 
into forms, and exerts much less pressure than plastic mix- 
tures. Hence, it can be handled by unskilled labor and does 
not require strong forms. Its shrinkage and capillarity com- 
pares favorably with solid concretes and the resistance to rain 
penetration of walls surfaced with Yg-in stucco has been rated 
as excellent. The thermal conductivity, however, is not as 
favorable as would be expected in a porous material. The & 
value is similar to that of solid brick and dense concretes. 


The National Bureau of Standards has established the 
physical properties of this material and the test results are 
published in their report BMS 96. 


POROUS CONCRETE PROMISING FOR FALSE FLOORS 


Porous concrete looked to us at the USDA Research Cen- 
ter at Beltsville, Md., as promising for use in false floors in 
ear-corn or grain-drying bins. Twenty-four slab specimens 24 
in square, 3in thick, and weighing about 100 lb each were 
prepared. Some specimens were plain, some reinforced with 
9-gage wire in various patterns, and some with barbed wire. 
The composition of the concrete was 1 part portland cement 
to 9 parts of 34-in gravel. As the specimens were poured in 
a horizontal position and porosity was of importance, it was 
found necessary to keep close control over the amount of 
water used. A small amount of excess water would cause the 
cement slurry to settle and cake at the bottom. The speci- 
mens were tested at the National Bureau of Standards for air 
flow and load-bearing capacity. The air flow averaged about 
62 cfm at 14-in (water) pressure and the ultimate load-bear- 
ing capacity ranged from 600 to 1150 lb per sq ft on a 20-in 
clear span. 

In actual use in grain-drying bins the porous concrete 
should ke covered with 14-in-mesh hardware cloth or similar 
material for ease of shoveling and to keep grain from clog- 
ging up the pores. 

Type 3. Foam and Gas Concretes. Lightweight concretes 
having a very high porosity resulting from the presence of a 
large number of small air or gas voids are made by mixing 
portland cement and water into a slurry having a consistency 
resembling that of thick cream. Fine sand or fly ash may be 
added with the cement. The air or gas cells are formed either 
by the reaction of two or more chemicals that give off a gas 
or by the presence of a form or frothing agent that assists 
in the entrapment of air during a vigorous agitation or mixing 
of the concrete. Metallic aluminum powder, either with or 
without the addition of an alkaline salt to hasten the reac- 
tion, reacts with the alkalis in the cement to form hydrogen 
gas. When added in an amount equivalent to 0.01 per cent 
by weight of the cement, a relatively small increase in the 
volume of the concrete ordinarily results, whereas 0.1 per 
cent addition may cause a 100 per cent increase in volume. 
Additions of hydrogen peroxide and chloride of lime similarly 
produce expansion by the release of gas. 

Foaming agents of the types used in air-entraining con- 
cretes of otherwise normal compositions are known to be effec- 
tive in entrapping relatively large amounts of air in concretes 
of wet consistency that are mixed by vigorous agitation. Or- 
dinarily these agents are used so sparingly (roughly 0.01 per 
cent) that the volume of air rarely exceeds 6 per cent of the 
volume of the concrete. By doubling or trebling the amount 
used and mixing by a technique that produces more vigorous 
agitation than is normal, the entrapment of air equivalent to 
30 per cent or more of the volume of concrete may be ob- 
tained readily.* 

All concretes of the foam or gas type tend to be non- 
uniform in structure after their placement and hardening be- 
cause of the tendency of the gas bubbles to rise, which results 


*Tests of Concretes Containing Air-Entraining Portland Cement or 
Air-Entraining Materials added to Batch at Mixer, by H. F. Gonnerman. 
A. C. I. Journal, vol. 15, no. 6 (June, 1944). 
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in a more dense material near the bottom. To minimize this 
tendency, it is advantageous to use an accelerator to hasten 
the setting and hardening, thereby lessening the period during 
which segregation can occur. 

Systematic investigations to determine the factors affectin 
the properties of foam and gas concretes have not been made. 
The few data in the literature are of uncertain origin and are 
not accompanied by detailed information on composition and 
methods of mixing. The properties are sufficiently favorable 
to indicate that investigations may develop compositions and 
techniques that are applicable to small construction oper: tions 
as well as to plant operations. The foam and gas concretes 
as now produced are, however, entirely unsatisfactory for 
farm use from the standpoint of cost and mixing technique. 
The cooperation of the National Bureau of Standards ‘o in- 
vestigate possible development of a high-porosity gas or air- 
entrained concrete material that will be low in cost and easy 
to make and control has been requested. 


Type 4. Organic Filler Concretes. Only organic fillers or 
aggregates in pellet form will be discussed here. 

All organic aggregates should be soaked in water and al- 
lowed to drain prior to use in concrete mixes. If mixed dry, 
the aggregates will absorb some of the water needed by the 
cement paste for proper hardening. The soaking may also 
reduce acids and other substances harmful to portland cement 
concretes. 

Many attempts to use sawdust and wood chips as aggre- 
gates in concrete have met with failure, often because of the 
presence of organic substances in the wood that retard the 
hardening of the cement. Sawdust from spruce and Norway 
pine seems to be satisfactory, but the results of laboratory 
research show that the products from most woods must be 
treated to minimize unfavorable reactions. A low-cost treat- 
ment and one conveniently used in small-scale field opera- 
tions, consists simply of the addition of hydrated lime to the 
concrete in an amount equal to about 25 per cent of the 
volume of the cement. Preferably the lime is introduced into 
the mixture either before or simultaneously with the addition 
of cement. Sawdust of some woods contains so much tannin 
that no treatment that seems feasible for use in field con- 
struction is effective; hence trial mixtures always should be 
made with the available materials before proceeding with the 
manufacture of products or the use of concrete in construc- 
tion. Mixes leaner than 1:4 are not recommended unless such 
admixtures as clay and diatomaceous earth are added. 


CEMENT-SAWDUST CONCRETE HAS FAVORABLE PROPERTIES 


Cement-sawdust concretes have some properties that favor 
their use, such as low weight and relatively low thermal con- 
ductivity. Moreover, they can be cut with tools used for wood, 
and they receive and hold nails well. The high drying shrink- 
age and moisture expansion is likely to be troublesome unless 
joints or other devices are used to permit movements without 
harmful results. 

Under the Research and Marketing Act of 1946, « re- 
search project was set up to study corncob pellets as an aggrte- 
gate in lightweight concrete. The studies are cooperative with 
Michigan State College, and the laboratory research now in 
its initial stage is being carried on by G. O. Edgerly under the 
general supervision of James S. Boyd. So far, the studies 
have dealt with the technique of cutting and preparing the 
corncob pellets, method of mixing, and proportion of 1 ixes. 
Compression and flexure-strength tests have been made « 0 ten 
batches of different proportions. 


Although the results seem promising, it is too ear y to 
draw any definite conclusions. However, some results m. y be 
worth mentioning. One batch was made with dry corn obs, 
which absorbed moisture, expanded and cracked the con: rete. 
On removal of the forms the concrete crumbled as : 10 
cement had been used. It was found the cement and © rn- 
cobs mixed with fine sand (mortar) developed low strength, 


fine sand and small gravel developed somewhat hi-het 
strength, and coarse sand and larger (34-in) gravel devel: ped 
the highest strength. The strongest batch so far develo ed 
at 28 days tested 1360 psi in compression and 294 psi in ‘\ex- 
ure This batch had a composition (Continued on page | 33) 
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Progress in Methods of Drying Corn 


By Claude K. Shedd 


FELLOW A.S.A.E. 


cribs for a hundred years. Why is it necessary now to 

dry it mechanically?” Farmers need the answer to that 
uestion, not just for the sake of argument, but because ac- 
tually the storage methods that were acceptable 20 years ago 
are not adequate today, particularly in the cooler and more 
humid areas of the corn belt. Twenty years ago hybrid corn 
was unknown, almost all of the crop was husked by hand, 
and a large part of it was scooped by hand into the cribs. 
Today, almost all of the commercial crop is grown from hy- 


A CRITIC recently said, “We have been storing corn in 


B brid seed, husked by machine, and placed in the crib by an 
F elevator. 


A great many farmers and country elevator operators have 
expressed the view that the increase in high-moisture corn in 
recent years was caused by the use of hybrid seed. It has not 
been shown that hybrid corn has any inherent high-moisture 
characteristic, but it is true that the development of a large 
number of hybrids has given the farmer a wide choice of ma- 
turity dates. The farmer has dozens of hybrids to choose from 
and unfortunately the high-yielding hybrids are generally 
those that require a long-growing season. The tendency is to 
take some risk in choosing a high-yielding hybrid; then, if 
planting is delayed by wet weather, or if we have a cool sum- 
mer, or if we do not have good drying weather in the fall, we 
get caught with corn that is not dry enough for ordinary crib 
storage. 

Harvesting machinery comes in for a share of responsi- 
bility for storage difficulties. When mechanical pickers are 
used, particularly when used on a custom basis, there is a 
tendency to start harvesting early in the season and to go 
ahead with harvesting at times when the corn is not dry 
enough for safe crib storage. The mechanical picker often 
does not husk the corn clean and, when it does husk clean, 
it generally shells a good deal of corn. The elevator does not 
distribute the shelled corn and foreign materials uniformly 
in the crib but concentrates them at the point where the ele- 
vator spout drops the corn. These materials cause spoilage 
by filling the air spaces between ears in the crib, thus cutting 
off air circulation and preventing proper curing of the corn. 

Whatever the causes may be, the fact is that in each of the 
last five years there has been a large area in the corn belt 
where corn was too wet for safe storage. At the present time, 
a large part of the crop in an area including northern Illinois, 
northern Indiana, Michigan, and Ohio has such a high mois- 
ture content that it is not eligible for price support under the 
government loan program. 

The need is evident for improvement in methods of get- 
ting corn dry. Three methods should be considered: 

1 What can be done without mechanical drying 

2 Drying by forced ventilation with unheated air 

3 Drying by forced ventilation with heated air. 


Drying by Crib Storage. If a farmer chooses to continue 
to dry his corn by storage in cribs, he will need to follow a 
program such as this: (1) Choose a hybrid corn that will 
normally reach maturity early enough to allow time for dry- 
ing in the field. A maturity date of September 20 is generally 
satisfactory in central Iowa. Earlier or later maturity may be 
best in other areas. (2) Delay harvest until after November 
1, if necessary. (3) Use special care to husk the corn as 


s clean as possible with available machinery. (4) Screen out 


shelled corn at the elevator and use extra care to get as nearly 
as possible uniform distribution of shelled corn and foreign 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December 1948, as 
4 contribution of the Farm Structures Division. This paper reports a 
study made under the federal Research and Marketing Act of 1946. 

Ci aupe K. SHEDD is senior agricultural engineer, Division of Farm 
Buildi:.gs and Rural Housing (BPISAE), U. S. Department of Agricul- 
ture (Agricultural Engineering Bldg., Iowa State College, Ames). 


material in the crib. (5) Use crib ventilators as a regular 
practice and not just as a makeshift for use in emergency. 
If this program is followed carefully, there will be little evi- 
dence of damage to corn in storage, except under the most 
unusual conditions. There may, however, be some shrinkage 
in weight of corn and loss of nutritive value that would not 
occur with more rapid drying. This is a question that has 
not yet been answered definitely by experiment. Yields pro- 
duced under this program will be somewhat lower than those 
possible with the later hybrids that may be used when the 
corn is to be dried mechanically. An additional disadvantage 
is that field losses with mechanical pickers are larger with 
late harvesting than with the earlier harvesting that is per- 
missible in connection with mechanical drying. 


Mechanical Drying. In discussing mechanical drying I 
shall not attempt at this time to describe the design and prep- 
aration of structures nor methods of applying air to the corn. 
That subject is covered in a recent publication which is now 
available for general distribution (Mechanical Drying of Corn 
on the Farm. Information Series No. 89 (BPISAE), U. S. 
Department of Agriculture). 


Drying with Unheated Air. This method of drying is sub- 
ject to weather conditions after the corn has been harvested. 
Under conditions of high humidity, drying may be too slow to 
be economical or to prevent spoilage. However, drying by 
this method has been done successfully over a period of sev- 
eral years at the Ohio Agricultural Experiment Station and 
by a number of Ohio farmers. Since Ohio is an area of com- 
paratively high atmospheric humidity, it seems probable that 
the method is suitable for more general application. 

A test of drying with unheated air was made at Ames, 
Iowa, during the past two months. The results are recorded 
in Table 1. Two cylindrical steel bins, each 30 in in diameter, 
were filled with corn to a depth of 6 ft over a perforated 
floor. Air was metered to one bin at a rate of approximately 
10 cfm per bu of corn and to the other bin at a rate of ap- 
proximately 5cfm per bu. Ventilation was continuous from 
October 19 through November 30. The bins were arranged 
for periodic weighing to determine loss of moisture. 


In addition to observation of loss of moisture of corn in 
the bins (columns 4 and 5, Table 1), observations also were 
made on husked ears fully exposed under shelter (column 3) 
and of samples taken periodically from the field (column 2). 
The initial kernel moisture of 31.1 per cent was higher than 
normal for October 19. Comparing rates of drying under the 
four different conditions, the slowest rate was for corn stand- 
ing in the field and the fastest rate for fully exposed ears. 
Corn aerated at 10 cfm per bu dried to 19.8 per cent moisture 
on November 8 after 474 hr of ventilation, while corn aerated 
at 5cfm per bu reached the same moisture content a week 
later, on November 15, after 642 hr. Fair weather prevailed 
during the first ten days of this test. After that there was 
about a normal amount of rain and cloudy weather. 

Estimates of power cost are given in the last two columns 
of Table 1. The comparison between the two rates of air flow 
needs a word of explanation. Theoretically, if the rate of 
flow through a given system is doubled, the power require- 
ment is multiplied by 8. In this case, however, the two rates 
of flow would not be through the same system. A larger duct 
would be used for the higher rate of flow. The resistance of 
the corn at either of these rates of flow would be small, less 
than 0.5 in for clean corn 12 ft deep. 


The estimated power cost for reducing moisture content 
from 31.1 per cent to 19.8 per cent was 1.92 per bu for 
aeration at the rate of 5 cfm per bu and 3.55 c per bu for aera- 
tion at the rate of 10 cfm per bu. Other costs would be large- 
ly the overhead cost of owning the fan and motor. There would 
be no additional cost of fire insurance and there would be 
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TABLE 1. RESULTS OF TEST OF DRYING EAR CORN WITH 
FORCED UNHEATED AIR AT AMES, IOWA. 

Corn was contained in two cylindrical steel bins each 30 in in diam- 
eter and filled to depths of 6 ft above the perforated floor. Air was 
metered to one bin at a rate of approximately 10 cfm per bu of corn 
and to the other bin at approximately 5cfmperbu. Bins were ar- 
ranged for periodic weighing. Forced ventilation was continuous from 
October 19 through November 30, 1948. 

1 2 3 4 5 6 4 8 

Kernel moisture, per cent dry basis Power cost per bu* 
Date Field Earsfully Inbin Inbin Venti- 10cfm 5cfm 


1948 exposed with10 withS lation, perbu, per bu, 

in cfm per cfm per hr cents cents 
shelter bu bu 

Oct. 19 31.1 $1.1 31.1 51.1 0 0 0 

Oct. 25 26.8 24.3 25.8 26.7 138 1.03 0.41 

Nov. 1 24.1 19.1 21.0 22.4 306 2.29 0.92 

Nov. 8 18.5 19.8 21.0 474 3.35 1.48 

Nov. 15 17.8 18.4 19.8 642 4.81 1.92 

Nov. 26 22.0 

Nov. 30 37.3 17.6 18.4 1002 y Pe 3.01 


*In calculating power cost per bushel, the following assumptions 
were made: 
Electricity — 3c per kw-hr 
At air flow of 5 cfm per bu: air delivery, 5,000 cfm per kw = 
0.003 c per bu per hr 


At air flow of 10 cfm per bu: air delivery, 4,000 cfm per kw = 
0.0075 c per bu per hr 


little, if any, labor of attendance after the operation is once 
started, provided operation is continuous as it was in the 
test. 


DRYING EAR CORN BY VENTILATION WITH HEATED AIR 


Probably the cost could be reduced by intermittent rather 
than continuous operation. In this test, on clear days, the 
fastest rate of drying occurred late in the afternoon. Drying 
continued at a gradually diminishing rate throughout the 
night and ceased when the atmospheric temperature reached 
a minimum at about 6:00 a. m. There was no drying between 
6:00 and 10:00 a. m. A test with continuous ventilation does 
not, however, provide a good basis for determining the opti- 
mum intervals for intermittent operation. 

Drying with Heated Air. A study of drying ear corn in 
farm cribs by ventilation with heated air was made during 
the winter of 1947-48 by the U. S. Department of Agricul- 
ture in cooperation with the Iowa, Illinois, Indiana, Michigan 
and Ohio agricultural experiment stations. Tests were made 
on a total of 86 farm cribs containing about 105,000 bu of 
corn. Fifty-three of these tests were made with driers that 
had been purchased by the Department of Agriculture on 
specifications prepared previously in cooperation with experi- 
ment station engineers. The other 33 tests were made with 
driers loaned for testing. Two tests were made with a coal- 
burning drier, three with a propane-burning drier, 13 with 
driers burning gasoline, and the rest with driers burning fuel 
oil or kerosene. 

The following benefits have been obtained by drying with 
heated air: 

1 Makes curing of the crop pretty much independent of 
weather. 

2 Makes it possible to dry the corn and avoid storage 
losses in “wet corn’ years. 


3 Makes it possible to harvest earlier in the fall. Me- 
chanical pickers then will do a better job of husking, and 
under ordinary conditions will save perhaps two bushels or 
more per acre which they will lose in the field if harvest is 
not started until the corn is dry enough for safe storage. In 
case of a storm accompanied by high wind after November 1, 
many cornstalks may be blown down and many ears blown 
off the stalks. After this kind of storm, field losses with me- 
chanical pickers will be excessive. Even without any severe 
storm, the saving in field losses will, at least partially, offset 
the cost of mechanical drying. The cost of harvesting will be 
greater with later harvest due to shorter days and probability 
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of muddy, snow-covered, or frozen ground. Another advin- 
tage of early harvest is that it permits preparation of a field 
for seeding wheat or other fall-planted crops. It also pern its 
fall plowing when desired. 


4 Mechanical drying makes it possible to store the corn 
in a tight bin where it can be fumigated to control insects. 

5 Makes it possible to save crib space by drying, shelling, 
and storing as shelled corn, then filling the crib again. 

6 Eliminates loss in weight of dry matter of corn <ad 
losses in nutritive value due to insects and molds. 


7 Eliminates market discounts for high moisture «ad 
damage. 


8 Eliminates the problem of utilizing moldy corn for |i ve- 
stock feed. 


The objection to mechanical drying is the extra labor and 
cost of drying, including the investment in equipment and ‘he 
extra fire hazard due to burning fuel to heat the drying air. 
Market premiums for dry corn may not compensate for |oss 
in weight if corn to be sold is dried below 151/ per cent aver- 
age moisture content. 

Thermal efficiency of drying was estimated in each test, 
but these estimates were subject to a large possible error be- 
cause, in most cases, the quantity of corn was estimated by 
crib measure and moisture content before and after drying by 
probe samples. The average of thermal efficiency estimates 
was about 30 per cent. 

The cost of drying per bushel varied between wide limits 
due largely to variation in the amount of water to be removed 
from the corn. Where the corn was dried from about 25 per 
cent to 17 per cent average kernel moisture, the fuel cost was 
generally between 4 and 6c per bu, power to drive the drier 
fan about 14 cper bu. Other costs including labor, overhead, 
and insurance would bring the total cost up to 10c per bu 
as a rough average. If and when driers are made firesafe, the 
cost of drying can be reduced by reduction in labor of at- 
tendance and in cost of fire insurance. At the present stage 
of development, drying ear corn with heated air is generally 
adaptable only to situations in which the benefits will yield a 
profit above a drying cost of about 10c per bu. 


DRYING WITH HEATED AIR WAS UNIFORMLY SUCCESSFUL 


In most of the tests last year, the drier was operated con- 
tinuously and drying was completed in 40 to 72 hr of opera- 
tion. A few tests were made with intermittent operation. 
When the drier was operated in daytime only, 10 or 11 hr 
with heated air and finishing with one or two hours with cold 
air, the fuel and power cost of drying the batch was prac- 
tically the same as with continuous operation. 

Two tests were made last year with continuous operation 
of the fan but intermittent operation of the heater, four hours 
on and four hours off. A gain in economy over continuous 
drying was indicated but further tests are needed. Some tcsts 
of this method of operation were made at the University of 
= in the fall of 1948, but the results are not yet ay iil- 
able. 

In the tests last year, drying with heated air was unifor ily 
successful in reducing corn moisture content to a safe |i nit 
for crib storage without damage to the corn. In most ¢ ses 
the cooperating farmer planned to hold the corn in crib »‘or- 
age for use as livestock feed during the following sum. er. 
Drying made the difference between good quality feed nd 
moldy corn that would have been produced by crib sto: .ge 
without mechanical drying. 

In addition to the tests of drying ear corn, a numbe: of 
tests of batch drying of shelled corn have been made at I :1- 
due University, at the University of Illinois, and at I va 
State College. The advantage in shelling the corn before « y- 
ing is that the cobs do not have to be dried. To dry ear c rn 
from 25 to 12 per cent kernel moisture, it is necessary ‘0 
evaporate 15.6 lb of water per bushel while the same redic- 
tion in moisture content of shelled corn requires the evap :- 
tion of only 9.3 lb of water per bushel. This is a saving f 
about 40 per cent in the amount of water to be evaporat: 4. 
To partially offset this advantage, the resistance to air fi v 
of shelled corn is much higher than of ear corn. 
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Perhaps the biggest obstacle to shelling before drying is 
the difficulty in shelling moist corn. Corn with 20 to 23 per 
cent moisture is hard to shell. If the moisture is 25 per cent 
or more, shellers used on farms will not do satisfactory work 
unless the corn is frozen. At any of these high moisture con- 
tents, there is some mechanical injury of the grain. This is 
not important if the corn is to be fed during the winter, but 
if the corn is to be stored through the following summer, a 
kernel with broken seed coat will deteriorate more than a 
sound kernel. : 

In all batch drying, whether ear corn or shelled corn, the 
grain at the air entrance dries first and that at the air exit 
last. Generally part of the batch is overdried. The extent of 
overdrying can be reduced by using a low temperature rise 
ani a high rate of air flow through the grain, but generally 
this does not give the most economical drying. 

Shelled corn is adapted to continuous-flow drying. Better 
economy of operation as well as uniformity of drying is ob- 
tained with continuous flow of grain. The best economy is 
expected when continuous flow of grain is counter to air flow. 
Th» continuous-flow driers now in use commercially do not 
use the counter-flow principle. An experimental continuous, 
counter-flow drying apparatus was constructed recently at 
Ares, Iowa, but no tests of this equipment had been com- 
pleied at the time of writing this paper. 


Improvement of Driers. Experience in testing portable 
dricrs, referring now to the machine for heating and blowing 
the drying air, leads us to suggest some improvements that 
might be made in this equipment. 

If a drier is to be used not only for ear corn but also for 
shelled corn and other grains, more flexibility in fuel rate is 

eeded. Specifications on which driers were purchased by the 
government called for efficient operation of the burner at 50 
per cent and 75 per cent as well as 100 per cent of the maxi- 
mum specified fuel rate. In practice, a good deal of difficulty 
has been experienced in operating at reduced fuel rates. Even 
if this specification were fully met, it would not give as much 
flexibility as needed. For drying ear corn in fall or winter 
weather a temperature rise of 70F is generally desirable, 
while for drying grain in the summer, a temperature rise of 
20F may be best. When drying shelled corn or threshed 
grain, the resistance pressure against which the fan works 
will usually be higher than when drying ear corn and this 
will cause a reduction in air flow which calls for additional 
reduction in fuel rate. The desired fuel rate for summer 
operation might be no more than 15 per cent of the maximum. 


SAFETY CONTROLS NEEDED IN OIL-BURNING DRIERS 


Improvement is needed in the safety controls for oil-burn- 
ing driers. Most of the controls now in use were developed 
for residence furnaces. They are not well adapted to use on a 
portable machine. The ‘‘stack control” is the least satisfactory 
of the controls now in use and in my opinion this control is 
not needed. Its purpose is to regulate automatic starting of 
the burner and to shut the burner down if the fire goes out. 
Manual starting is safer and better than automatic starting in 
a farm drier. My suggestion is that only two automatic safety 
controls are needed. One would be a high limit control, pre- 
ferably by differential thermostat, that would shut the entire 
drier down if the temperature rise of drying air became more 
than the limit set on the control mechanism. This control 
would act in case of external fire drawn into the drier and 
also in case of failure of air supply. It must be located in a 
position where it will become overheated quickly if the burner 
continues to operate after a complete failure of air flow 
through the drier. The other control would shut the entire 
drier down in case of flame failure. 

A considerable improvement could be made in fan ca- 
pacity by locating the drier fan in cold air rather than in 
heated air. With a heat exchanger type of drier there would 
also be less fire risk with the air surrounding the heat ex- 
changer under pressure rather than under suction. 

Possibly the biggest obstacle to more extensive use of 
heated air drying is the fire hazard. No fires have occurred 
in any of our tests but a number of fires attributed to farm 
cern driers have been reported in newspapers. It is question- 
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able if farmers will use this equipment with confidence, or if 
insurance companies will continue to carry the risks at any 
reasonable rate unless further progress is made in improving 
fire safety. Better determination is needed also of safety re- 
quirements so that safe driers can be approved and unsafe 
driers disapproved. 


Research on Lightweight Concretes 
(Continued from page 130) 


of 1 part cement by volume to 114 parts of corncobs, 2 parts 
of sand, and 1 part of gravel. 

Mixtures suitable for various purposes in farm construc- 
tion will be developed in the research on this project, and in 
addition to strength they will be tested for durability, thermal 
conductivity, shrinkage, resistance to rain penetration, and 
capillarity. 


Discussion by James S. Boyd 


MEMBER A.S.A.E. 


| HAS been found that ground corncobs can be substituted 
for some of the coarse aggregate mixed with cement and 
water, to form a light-weight concrete. There are some char- 
acteristics of corncobs that make their use in concrete some- 
what difficult. We know that the presence of organic matter 
in aggregate used for concrete will definitely reduce its 
strength. However, in many kinds of construction, 3000 or 
3500-lb concrete is not required. 

A second difficulty with using corncobs as an aggregate for 
concrete is in determining the water-cement ratio to use. The 
strength of concrete is inversely proportional to the amount 
of water used in the mix. When the aggregate to be used in 
the concrete absorbs water it is difficult to determine a definite 
water-cement ratio. Soaking the cobs before using will help 
to solve the problem, but it makes a difference how long they 
are soaked before being used. It was noticed that some sub- 
stance which might be the cause for decreasing the strength 
is removed from the corncobs. The content of this substance 
has not been determined. In order to keep the water content 
constant, the standard slump test has been used as a measure. 
Water is added to the batch to produce a certain slump as 
measured with the standard slump cone. In this way we have 
a good indication as to the water in the mix. 

The corncob concrete made thus far has shown some rath- 
er favorable possibilities. It is approximately the same weight 
as cinder concrete with the mixes used, but adding more corn- 
cobs to the mix will tend to make the material lighter, and in- 
crease its insulating value. In certain mixes we found that we 
could nail and screw other types of building materials to the 
surface. This would be desirable in farm buildings. 

In the preparation of corncobs for use in the concrete, an 
ordinary hammer mill was used. After the cobs were pulver- 
ized they were screened through an ordinary sand screen. 

The concrete made with corncob aggregate does not have 
sufficient structural strength or durability to be used by itself, 
but it can very easily be used as a subfloor in a dairy barn or 
poultry house where cold floors are a problem, or in other 
buildings as Mr. Molander pointed out in his paper. In these 
places a wearing surface of regular concrete could be poured 
over the top to withstand the wear. Another possibility is the 
construction of masonry walls with a core of corncob concrete 
which would give the wall some insulating qualities. 

This concrete could also be used to form a masonry build- 
ing block which could be laid in a wall similar to other ma- 
sonry units. The weathering surface would not be too good, 
but it could be covered with a coat of portland cement plaster 
which would withstand the effects of the weather. 

As Mr. Molander stated, we have not started the tests for 
insulation, but the strength tests have been rather encourag- 
ing for certain mix ratios and water contents. We believe that 
there is a good possibility that “corncrete”’, or corncob con- 
crete, can be used successfully in farm construction. 


James S. Boyp is assistant professor of agricultural engineering, 
Michigan State College, East Lansing. 
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Tile Effluent Measuring Devices 
By William W. Donnan and George B. Bradshaw 


cpenatetiamtiaimiamsieneteteemen 


or free flow from farm tile line outlets. A simple meth- to give fairly close readings of the volume of flow. 

od of getting instantaneous flow records is by bucket The tile stick or outlet measuring rule calibrated ty the 
and stop watch. This method is accurate but is feasible only authors works on the same principle as the above-mentioned 
for low flows. devices. When the stick is held vertically on the outl:t lip 

The most commonly used means of recording discharge of the tile line, the velocity of approach is convert-d to 
from a tile outlet is with a stilling box, V-notch weir, and velocity head. The velocity head 1S manifested in a jump 
water-stage recorder. The notch weir will give good results OF pip on the upstream edge of the stick and is easily me. sura. 
if properly installed and correctly operated. However, this ble. Fig. 1, if examined closely, will be found to show ths pip 
device has certain drawbacks. It cannot be moved about easi- on the upstream face of the tile stick. The velocity head 
ly and thus does not lend itself to wide-scope operations. records an extraordinary degree of accuracy within certain 
In most areas, unless the box is covered and screened from _ limits of outlet slope. Depending on the size of tile, the § 
sunlight, the notch is quickly fouled by moss and aquatic recording stick has been used to record flows ranging from 
growth. Then, too, it requires a head loss, which is seldom 2 gpm_ (gallons per minute) in the 4-in outlet, to 530 gpm in 
found at the outlet of a tile system in irrigated areas. the 8-in tile. 

In the SCS Imperial Valley drainage research project in Calibrating the Tile Stick. In calibrating the tile stick 
California, it has become necessary to make a large number the authors resorted to the meager equipment which could 
of recordings of flow from tile systems. Not only are in- be gathered together in the field. Since nearly all tile outlet 
stantaneous flow data necessary, but also a record of the regi- structures in Imperial Valley use transite sections for the final 
men of flow over short periods of time is needed in analyzing reach, 14-ft lengths of transite pipes were used. 
the efficiency of installed tile systems. Hence, investigations The calibration apparatus consisted of a pump which 
were made in an attempt to lifted water from a large supply basin into a stilling box. 

1 Calibrate a device for getting approximate, instantaneous _ Baffles stilled the water sufficiently before it entered the tran- 
flows from 4-in, 6-in, and 8-in tile outlets under normal con- site section. From this box the water flowed through the 14- 


Tete are several methods of measuring the discharge uring rule, held vertically in the stream, could be cali! rated 


——————EE 


ditions ft transite section into a weir box. The weir box was 
2 Build a portable device for recording flows from tile out- equipped with a 90-deg V-notch weir and hook gage. As 

lets through irrigation cycles or for short periods of time. water flowed over the V-notch weir, it was measured and 
To accomplish these objectives the authors have adapted then routed back into the supply basin. 


two flow devices to their drainage studies. One device is The transite section was set on various degrees of slope 
called the tile-effluent measuring stick; the other is the continu- tanging from zero to 0.010. The pump was equipped with a 
ous-flow recorder. The following report details the work done gate valve to allow for any degree of adjustment in the vol- 
to date on these two devices. ume of water pumped. 
In making the calibrations, the transite section was set 
THE TILE-EFFLUENT MEASURING STICK at the desired slope and recordings were made of the depth 
The tile-effluent measuring stick, devised for getting in- of flow and velocity head on the stick at the outlet lip. 
stantaneous flow measurements from tile outlets, is patterned Flows were varied from a low of 2 gpm to a high of full out- 
after the Clausen-Pierce weir gage'* used to measure the flow let capacity for each size of transite section and slope. 
over free-flowing and submerged weirs. Similar devices have Observations were made for various volumes and slopes 
previously been developed to measure hydraulic flow. One with two measuring sticks. One device consists of what the 
such was used by T. A. Hayden? to record flows in narrow 
canals. J. B. Lippincott? also perfected a similar measuring 


stick. i | 
All these devices embodied the principle that velocity head FE TE PR IY I PR . JU 
) 


could be measured within reasonable limits and that a meas- La" Stick 


As Required ——— oe —" 


Paper presented at a meeting of the Pacific Coast Section of the 
American Society of Agricultural Engineers at Yuma, Ariz., February, 
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WiittAM W. DONNAN and GeEorGE B. BRADSHAW are, respectively, 
associate civil engineer and assistant civil engineer, division of irriga- 
tion and water conservation, Soil Conservation Service (Research), U.S. {| 
Department of Agriculture (P. O. Box 158, Imperial, Calif.). 
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Fig. 1 Making a discharge measurement with the tile stick. (Note Fig. 2 This shows a scale drawing of the tile stick and how ti. tile 
velocity-head pip on upstream face of stick) stick is used 
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authors call a tile stick. Fig. 2 (top sketch) shows a scale 
drawing of the tile stick. It consists of a ¥/-in by 8-in wooden 
rule graduated in inches on one side and tenths of a foot 
on the other. The stick is 3/32-in thick on one edge and 
wedges down to a knife-edge on the other. This knife-edge, 
when held against the upstream direction of flow, accurately 
records the depth of flow over the lip’ of the outlet. When 
the tile stick is held vertically in the lip of the outlet with 
the broad 14-in face at right angles to the flow, the velocity 
hea:! builds up behind the stick, as in Fig. 2 (middle sketch). 
This is called the tile-stick reading. When the 3/32-in edge 
is held facing the outlet flow, a velocity-head pip occurs as 
shown in the lower sketch of Fig. 2. Thus in making cali- 
brations three readings were secured —one for the depth, 
one for the tile stick broad face, and one for the tile stick 
on ‘he 3/32-in edge. ‘ 

The other measuring stick consists of a simple carpenter's 
folding rule, which can be substituted for the tile stick in 
securing the velocity head readings and gives identical calibra- 
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Fig. 3. Effluent curves for 4-in tile 
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Fig. 4 Effluent curves for 6-in tile 
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Fig. 5 Effluent curves for 8-in tile 
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tions. In fact, the dimensions of the calibrated tile stick were 
made to conform to the standard width and thickness of 
most ordinary wooden folding rules. Thus, where no tile 
sticks are available, a folding rule can be substituted to as- 
certain the approximate tile discharge. 


The Effluent Curves. On the average, about 10 different 
volumes of water were pumped through each transite section 
for each slope setting. These data gave upwards of 100 slope 
volume combinations for each pipe size. Thus, the effluent 
curves, Figs. 3, 4, and 5, are made up from a considerable 
mass of observations. These curves reflect the ratio of volume 
of flow in the tile outlet (1) to the depth or (2) to the ve- 
locity-head measurement as made by the tile stick. The curves 
are drawn to show flow in gallons per minute or cubic feet 
per second, and the tile stick measurement in inches or tenths 
of a foot. In order to cut down the size of the 8-in effluent 
curve (Fig. 5), it has been drawn on semilog paper. Since 
there was some divergence in the tile stick or flat face reading 
of velocity head with the ruler or narrow edge readings on 
the 8-in calibration, especially in the larger volumes, both 
these curves were included. In the 4 and 6-in calibrations 
(Figs. 3 and 4), the flat-face and narrow-edge velocity-head 
volume curves were almost identical. 

How to Use the Tile Stick. In making field observations of 
flow from the tile outlets, the wedge-shaped tile stick is the best 
type of device to use. A measurement for both depth and 
velocity head can be secured and a check made of the results. 
To make a reading on a tile outlet the stick is inserted in 
the lip of the tile with the knife-edge against the flow. This 
gives a depth-of-flow measurement. The tile stick is then 
wet well and inserted in the lip of the tile with the narrow 
edge against the flow. The top of the velocity-head pip 
which climbs the stick is read and recorded. A third reading 
can be made by inserting the flat side of the tile stick in the 
lip to record velocity head. In making a flat-side reading, best 
results are obtained by using a dry, absorbent wooden tile 
stick. The stick is slowly lowered into the flow from above 
until it touches the bottom lip of the tile and is then slowly 
removed. The high-water mark made by the velocity head 
gives a reading comparable to the narrow-edge pip reading. 
In inaccessitle outlet locations this type of reading is some- 
times the only one obtainable. In making field observations, a 
small pocket mirror is very useful to read the scale on the 
tile stick. On completion of a set of readings of depth and 
velocity head, the ratio to volume of flow is found from the 
tile-effluent curve. 

In making the calibrations of the tile stick, the authors 
observed that the flow over the brink of the tile outlet in- 
creased to critical flow and could be calibrated accuraiely only 
for the flat slopes of the transite section. When the transite 
section was set at slopes greater than 0.006, the velocity of 
approach in the outlet was greater than critical and depth 
at the brink was difficult to compare with the height of the 
pip created by the velocity. 

Therefore, in making recordings of flow in the field, if the 
depth reading and tile-stick reading give closely the same 
volume ratios, the slope of the outlet is less than 0.006. If 
the depth reading and tile-stick reading give divergent vol- 
ume ratios, the slope of the outlet may be assumed to be 
greater than 0.006. On the steep slope outlets the tile-stick 
treading records greater volume than is actually flowing and 
the depth reading records less volume than is actually flow- 
ing. By averaging the two volumes from the curve an ap- 
proximation can be made of the actual flow. The authors 
have found it convenient to calibrate the steeper outlets with 
a bucket and stop watch in the initial recordings and draw 
individual curves so that the tile stick may be used for sub- 
sequent observations. 


THE CONTINUOUS-FLOW RECORDER 


Many types of flow recorders are being used to clock a 
continuous record of pipe or tile outflow. J. E. Christiansen® 
outlines a number of different devices for use in measuring 
hydraulic flow, some of which are adaptable to tile-outlet 
measurement. Carl Rohwer’s bulletiné on measuring pipe 
discharge outlines methods which might be adapted to the 
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Fig. 6 The continuous-flow, tile-effluent recorder 


recording of large flows. The Simplex Valve and Meter Com- 
pany* has placed on the market what it calls a “Type S 
Parabolic Flume” for measuring open flow of water, sewage, 
and industrial liquids. This device appears to be adaptable 
to tile-outlet measurement and under rigid installation stand- 
ards might be ideal for use in getting tile-effluent flow records. 

The flow recorder devised by the authors is being im- 
proved, but while it has been very useful for its original pur- 
pose, it still has flaws. 

In the drainage research work at Imperial, Calif., it has 
teen found that the regimen of flow from tile systems through 
irrigation cycles is of great importance in determining the 
design and spacing of the tile lines. Only by recording and 
analyzing flow from a large number of different tile systems 
can any reasonable conclusions be reached regarding the ef- 
ficiency of the design. Thus it was determined that what was 
needed was an easily installed, portable device, which could 
be placed at the mouth of a tile outlet and left to record 
flows for a period of several weeks. While accuracy of read- 
ings and close determination of volume of flow is of value 
in analyzing tile-system efficiency, the most important single 
factor is felt to be the rate of change during irrigation cycles. 
Thus some of the characteristics of accurate measurement 
are sacrificed to the main objective, e.g., fluctuation of flow. 

Recorder Apparatus. The continuous-flow recorder (Fig. 
6) consists of a standard Friez model F-W water stage re- 
corder mounted on a platform which can be fixed to the tile 
outlet pipe. Bolted to the platform are two ¥-in rods which 
are bent out over the upper crown of the tile outlet and 
around 180 deg back up into the roof of the outlet. Sus- 
pended between these rods is a light brass arm which has 
a free vertical movement from a pin connection at the ends 
of the rods. Affixed to the free end of this arm is a light 
weight float which rides on the crest of the flow at the lip 
of the tile outlet. The recorder is mounted on the wooden 
platform in such a way that the recorder wheel is out from 
and over the edge of the tile outlet and in line with the small 
eyelet hole on the top of the float. The float is suspended 
over the recorder wheel by a fine copper wire with a very 
small counterbalance weight. 

An essential feature of the apparatus is its sensitivity 
and general lightness in weight. The float is made of brass 
shim stock 0.0001 in thick. The float arm is made of 3/16-in 
brass welding rod. The combined arm and float weigh about 
84'g. The counterbalance weight for this Size float weighs 
44g. The down-stream end of the float is left'open to pre- 
vent waterlogging in case of leaks in the float. Another es- 
sential precaution is to make the bent rods which curve back 
into the tile and the float arm itself as long as possible. The 
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longer this float arm, the more nearly vertical is the arc of 
the float as the flow increases or diminishes. Fig. 6 gives all 
the essential dimensions of the apparatus and shows how the 
device fits on the outlet of the tile. The circular arch notched 
into the base of the wooden platform is made large enough 
so that the device can be attached to 4, 6, or 8-in pipe outlcts, 


Method of Installation. In making a field installation i: is 
usually necessary to dig the soil away from the projecting 
end of the tile outlet. A minimum of 8 in of projection will 
serve to mount the apparatus. Fig. 7 shows a typical field 
installation. The wooden platform, with bent rods, float aim, 
and float attached, should be set level and chained tightly to 
the outlet. The recorder is then placed in position on ‘he 
wooden platform and bolted securely. In hooking up the float 
and counterbalance weight, one complete loop is made around 
the recorder wheel to prevent “‘slip’” of the copper wire. The 
float is then depressed by hand until it rests on the bottom 
inside lip of the tile and the recorder wheel is slipped around, 
setting the recorder pen at zero. Then as the float arises on 
the crest of the water, the depth is recorded by the pen. 

On a regular Friez recorder the pen will travel 4 in for 
each inch the float rises or falls. In order to increase the 
traverse-of the pen, the pin in the clock arm mechanism was 
changed to a new position (see sketch in Fig. 6). This in- 
creased the traverse of the pen arm to a one-to-one ratio. 


Calibrating the Recorder. The transite pipe was set at 
0.003 slope for each trial. Water was pumped into the fore- 
bay, the amount pumped being increased at 10-min intervals, 
and the volume was recorded simultaneously with the posi- 
tion of the pen on the clock chart. The project’s recorders 
were calibrated in this manner for 4, 6, and 8-in tile outlets. 
Both the regular and the adjusted sensitive recorders were cali- 
brated for use in the drainage studies. In order to use this 
calibration chart the recorder apparatus, float, etc., must be 
made as nearly like the originally calibrated apparatus as 
possible. In locations where the tile-outlet flow fluctuates in 
short cycles, it might be possible to make a rough calibration 
by bucketing a few different volumes and noting the position 
of the pen on the chart. From a few scattered points a curve 
of discharge could be plotted. The platform is designed to 
allow for observations with the tile-effluent stick, so that a 
fairly close check can be made of the discharge from the tile 
outlet. 

SUMMARY 

The tile-effluent stick and the continuous-flow recorder 
have been used by the SCS research project in Imperial Valley 
with considerable success. The tile stick has been used to get 
instantaneous discharge records from about 50 different tile 
systems. It has been checked wherever possible with bucket 
and stop watch and has been found accurate within the limits 
needed in the reconnaissance work. While the calibrated stick 
and the effluent curves have been developed primarily to meet 
the specific conditions encountered in Imperial Valley, it is 
hoped that the technique may be adaptable to other areas. 

(Continued on page 1:0) 


Fig. 7 A typical field installation of a continuous-flow recorder 
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Soil Loss as Determined by Watershed Measurements 
By L. L. Harrold 


MEMBER A.S.A.E. 


RADUALLY during the past two decades, the public 
has become increasingly conscious of the necessity of 
proper land management for soil conservation. In the 
first few years of this period, 1/100-acre plots were estab- 
lished on erosion experiment stations over the country to dis- 
cover ways and means of reducing soil losses. These plots also 
furnished the early factual information which revealed the 
extensive need for erosion control measures. As this informa- 
tion filtered into the rural and urban homes, the nation be- 
gan to support conservation legislation. With the accelerated 
demand for changes in farming operations, came the need for 
erosion and water control studies on entire farm units in 
natural watershed areas. Thus, in the period 1936-40 a num- 
ber of runoff and erosion-measuring stations on whole farm 
fields were set up by the USDA Soil Conservation Service 
(Research) in a few important regions of the United States. 
Records from one of these — the North Appalachian Experi- 
mental Watershed, Coshocton, Ohio — furnished the material 
for this paper. 
it is the purpose of this paper to present a progress report 


on a few years of field measurements of soil loss as affected ~ 


by land-use treatments. Records of such short duration can 
not support definite conclusions. They can, however, yield 
many useful ideas for conservation planning. 

A large part of soil and water conservation research has, 
in the past, been centered around contour vs. sloping-row 
cornland. Records from plots (1/100-acre, 6 ft wide and 72.6 
ft long up the hill) at Zanesville, Ohio’, revealed that soil 
loss from contour cornland is much less than that from slop- 
ing rows. 

Table 1 lists these plot data for 2 yrs of record, 1939-40, 
on Muskingum silt loam soil on land slope of 12 per cent. 

It must be realized that this type of plot experiment usu- 


TABLE 1. RUNOFF AND EROSION FROM 1/100-ACRE PLOTS, 
ZANESVILLE, OHIO, MAY-SEPTEMBER, 1939 AND 1940 
Up and down- Contour Reduction 
hill rows rows (per cent) 
Runoff (inches) 72 4.4 25 
Soil loss (tons per acre) 58.0 16.2 72 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1948, as 
a contribution of the Soil and Water Division. 

L. L. Harrop is project supervisor, North Appalachian Experi- 
mental Watershed, Soil Conservation Service, U. S. Department of 
Agriculture, Coshocton, Ohio. 


1Borst, H. L. et al, Investigations of Erosion Control, Zanesville, 


Ohio. USDA Tech. Bul. 888, May, 1945. 
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Fig. 1 (Left) Silt box used with Ramser sampler for measuring soil loss « 
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ally represents the greatest possible extremes. Corn rows up 
and down hill are expected to yield more runoff and erosion 
than the ordinary straight-row cornfield. In the field, the 
average slope of the corn rows is materially less than the max- 
imum represented by the plot. Similarly, the contour plot is 
unnatural, as the corn rows are exactly level and drainage 
from the furrows is blocked by the plot borders 6 ft apart. 
The contour ridges, therefore, must be overtopped before run- 
off and erosion begin. At times this may lead to excessive 
erosion, more than that in natural fields where the contour 
furrows drain the sod waterways. 


WATERSHED DESCRIPTION 


Soil loss measurements on entire fields of cropland at the 
Coshocton experiment station have been made on a compara- 
tive basis since 1941. The comparison is between paired 
watersheds. One of the pair is farmed according to common 
practices prevailing before conservation. This serves as a 
check on the effectiveness of the conservation program. On 
the other of the pair, conservation farming methods are fol- 
lowed. The fundamental differences in land treatment are 
given in Table 2. 


TABLE 2. LAND TREATMENT FOR WATERSHEDS 
Treatment Check watershed Conservation watershed 
Lime to pH 5.4 pH 7.0 
Crops Corn, wheat, meadow, Corn, wheat, meadow, 
(4-yr rotation) meadow meadow 


Tillage Straight row, generally north- Contour 
south or east-west direction 
Meadow seed_ Red clover, alsike, timothy Alfalfa, red clover, 
timothy 
Fertilizer In: Corn—100 Ib 2-12-6 In: Corn—300 Ib 3-12-12 
Wheat—200 Ib 2-12-6 Wheat—300 Ib 3-12-12 
Meadow—none Meadow— 
200 lb 0-10-20 
Meadow—none Meadow—none 
Manure Preceding corn—4 tons Preceding corn —6 tons 


Top dressing on wheat— 
4 tons 


Top dressing on wheat— 
none 
Corn fodder left 


Crop residues All removed 


The watersheds used in this comparison are described in 
Table 3. Prior to 1944, soil loss data were obtained from 
Ramser silt samplers (Fig. 1). Since that time, the Pomerene 
sampling wheel (Fig. 2) has been used. No soil loss records 
were obtained from watersheds 118 and 113 before 1947. 

Because of the crop rotation system only two years of 
cornland data are available on any of these paired water- 


Fig. 2 (Right) 


Promerene silt-sampling wheel 
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sheds. It has not been possible, therefore, to establish absolute 
quantitative results on the effect of conservation farming, land 
slope, or soil type. Consequently, statistical methods have not 
been used in fitting curves to plotted points. Curves fitted 
by eye to the points were considered to be accurate enough 
to reveal the approximate magnitude of major differences in 
soil loss between the paired watersheds. 

In all but one case (Nos. 118 and 113), the paired water- 
sheds are located together. Rainfall on both watersheds of 
each pair has been the same. The distance between water- 
sheds 118 and 113 is 2,000 ft. Rainfall differences between 
them have been small and can be neglected for this study. 


Watersheds are paired according to their similarity in soil 
and land slope. If they were exactly similar in these factors, 
it could be assumed that the soil loss would be identical if each 
of the paired watersheds were farmed the same. There are 
insufficient data prior to the introduction of conservation 
farming to establish or disprove this assumption. Actually 
there are some small differences in the soil and land slope of 
the paired watersheds. These are considered later in the dis- 
cussion of conservation farming on soil loss and runoff. 


EFFECT OF CONSERVATION FARMING ON SOIL LOSS 
In cropping systems such as prevail generally east of the 


TABLE 3. DESCRIPTION OF WATERSHEDS 


Watershed Drainage Average Soil 
No. area, land slope Drainage Land 
acres per cent Type in profile treatment* 
115 1.61 6.6 Mixed silt loam Fair Check 
123 1.37 5.8 Keene silt loam Slowly Conserva- 
tion 
110 1.27 13.0 Keene silt loam Slowly Check 
103 0.65 11.3 Keene silt loam Slowly Conserva- 
tion 
118 1.96 9.6 Coshocton silt Fair Check 
loam 
113 1.45 9.3 Coshocton silt loam Fair Conserva- 
tion 
106 1.56 14.3 Muskingum loam Well Check 
121 1.42 15.8 Muskingum loam Well Conserva- 
tion 
+188 2.05 9.2 Mixed silt loam Well Mulch 


*In all cases conservation practices were started in the crop rota- 
tion system in the corn year—No. 123 in 1941, No. 103 in 1942, 
No. 113 in 1943, and No. 121 in 1944. 

+Land use on watershed 188 differs from that in ordinary conserva- 
tion areas in that the sod preceding corn is used as a mulch rather 
than burying it according to common plowing procedure. 
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SOIL LOSS FROM CONSERVATION WATERSHEDS 123, 103,113, 12! (TONS PER ACRE) 


o2 
SOIL LOSS FROM CONSERVATION WATERSHEDS NOS. I2! & 168 (TONS PER ACRE) 


* som Loss FROM CHECK WATERSHEDS 115, 110,118,106 (TONS PER ACRE) 


Fig. 3 (Above) Effect of conservation farming on monthly 
and annual soil loss from eight small watersheds — corn 
years only e« Fig. 4 (Right) Effect of conservation 
practices on soil loss from watersheds 106, 121, and 188 ° 
by storms — corn years 1944 and 1948 
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Mississippi River, the greatest soil loss occurs when the | ind 
is bare or nearly so. Borst!:? and others showed that of the 
three crops, corn, wheat, and meadow, over 80 per cent of 
the erosion in the rotation period occurs in the corn year. Here 
is the place for greatest efforts in a conservation program. It is 
logical, therefore, that we concentrate our attention on soil 
loss in corn years. This provides most of the data for this sec- 
tion of the paper. 


The monthly and annual soil loss for the paired water- 
sheds are plotted one against the other for the corn years in 
Fig. 3. The data for the check watersheds are plotted on the 
horizontal scale and those for the conservation waters'ed 
on the vertical scale. The 45 deg line represents the position 
of plotted points if the corresponding values of soil loss from 
both watersheds were identical. If soil loss from the 
conservation watershed exceeded that from the untreated 
or check watershed for a certain month or year, the point 
would plot in the region above this 45 deg line. Soil ‘oss 
values for 1944 from watersheds 106 and 121 fall into this 
category. In other words, soil loss from conservation water- 
shed 121 was greater than that from check watershed 106 
for the year 1944. The monthly values for this same year 
are shown by four points lying close to this 45 deg line. The 
two points above this line are for August and September. 
Those slightly below the line are for June and July. 


Note how strikingly different are the plotted points for 
these same watersheds (106 and 121) for the months and 
year, 4 years later, 1948. Reasons for this, or rather reasons 
for the unexpected values of 1944, will be given later in this 
paper when the individual storm data are presented. Data 
for 1941, 1942, 1946, 1947, and 1948 all plot below the 45 
deg line. This means that the check watershed yielded more 
erosion than the conservation area. It can be said that con- 
servation farming in these years reduced soil loss on water- 
sheds having slopes ranging from 6 to 16 per cent and on 
the slowly permeable to the well-drained soils. There were 
no data in 1943. The 1945 data were too small to fit onto the 
scales used. 

There are wide differences in the effectiveness of conserva- 
tion farming for the years 1944 and 1948 on watersheds 106 
and 121 as shown by the monthly and annual values on Fig. 
3. An understanding of the reasons for these differences 
should enable the farmer to do a better job of conservation 
farming. To reach this understanding, we must examine the 
soil loss data for these two areas by individual storm. These 


2Harrold, L..L. Land-use practices on runoff and erosion from 
agricultural watersheds, AGRICULTURAL ENGINEERING, December, 1947. 


SOIL LOSS FROM CHECK WATERSHED NO. 106 (TONS PER ACRE) 
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Fig. 5 Effect of conservation farming on reduction of soil loss from 
corn watersheds Nos. 106, 121, and 188. 


values are given for 1944 and 1948 in Table 4. Soil loss for 
eac!) storm is plotted on Fig. 4. 

in 1944, the soil loss on conservation watershed 121 for 
all but the small storms exceeded that for check watershed 
106. Thus the line for that year is above the 45 deg line (line 
of equal soil loss on both areas). If the land slope on both 
watershels had been identical, the 45 deg line would serve as 
a legitimate basis of comparison. Actually the land slope of 
watershed 121 is 1.106 of that of No. 106. Therefore, the 
ratio for soil loss for identical land treatment on both areas 
might be expected to be 1.1061-4=1.151. The normal line of 
comparison may, therefore, have a slope of 1.163 rather than 
1.000 (45 degline). This is not greatly different from the 
actual 1944 line. Consequently, the conclusion might be that 
conservation farming on No. 121 was not effective in reduc- 
ing runoff. 

The above conclusion is contrary to all expectation. It 
therefore needs an explanation. Watershed 121 in 1944 was 
contoured. There were no well-defined waterways. Conse- 
quently, no sod waterways were provided. Excess storm rain- 
fall flowed gently along the contour rows until a low point 
was reached. Here the water broke over the ridges forming 
gullies on its way downhill. Close observations on watershed 


TABLE 4. SOIL LOSS FROM PLOWED WATERSHEDS 106 AND 
121 AND FOR MULCH WATERSHED 188 BY STORMS — 
CORN YEARS 1944 AND 1948 

Soil loss in runoff water from watershed, 


Date of storm tons per acre 


No. 106 No. 121 No. 188 
(straight (coutour 
row) (contour) mulch) 
1944 July 19 2.91 3.08 0 
28-29 -030 0 0 
Aug. 5 1.42 920. .010 
16 1.13 910 0 
16 -350 .250 0 
17 .190 -130 0 
23 6.50 8.30 .25 
28 .030 .010 0 
31 .240 .320 0 
Sept. 4 1.94 2.80 .020 
Oct. 3 .270 .080 0 
198* June 19 4.66 916 0 
24 4.93 1.25 0 
25 .098 .010 0 
27-28 2.88 2.29 0 
28 -759 -729 0 
29 2.20 1.03 0 
30 .071 .008 0 
July 22 1.91 .400 0 
27 4.74 1.15 020 
Aug. 11 .222 0 0 
Sept. 7 .010 0 0 
19-20 .488 .008 0 


{8 cultivation dates June 2-4, 17-19, 29, 30, July 2. 


RUNOFF FROM CONSERVATION WATERSHEDS 123, 103,113,121 (INCHES) 


PAIRED WATERSHEDS CORN YEARS 
uS-123 1941, 1945 
nO-103 1942, 1946 
e-13 1943, 1947 
106-12! 1944, 1948 

© wune-sepr ToTAL 


RUNOFF FROM CHECK WATERSHEDS 115, 110, 118, 106 (INCHES) 


Fig. 6 Effect of conservation farming on monthly and seasonal runoff, 
June to September, from eight watersheds — corn years only 


121 showed that almost all of the soil loss in 1944 came from 
gully erosion. Erosion along the corn rows was very small. 
On the other hand, most of the erosion on No. 106 (straight 
rows) occurred between the corn rows. 

Whereas there were no defined waterways in 1944 on No. 
121, there was a good one by 1948. A satisfactory sod water- 
way was provided on both 106 and 121 in the latter year. 
As a result, the conservation farming job of 1948 effectively 
reduced the soil loss. All the 1948 data plot below the 45 deg 
line. Sod waterways made this possible. Their importance 
can not be stressed too greatly. This is no new discovery. 
These data only help to convince the landowners and operat- 
ors that sod waterways can not be neglected in their con- 
servation job. 

Another feature of the 1948 data on these two watersheds 
is the apparent separation of the data into two groups. A 
possible explanation for this difference is cultivation. Both 
watersheds were cultivated about the same time. Whenever 
a large storm followed a cultivation period, the difference 
in soil loss on the two watersheds was noticeably greater than 
for storms after the cultivation effect wore off. We might 
speculate and say that the loss of soil on straight-row farm- 
ing increased threefold in the first one or two excessive storms 
after cultivation. Thereafter, until the next cultivation, the 
soil loss on 106 declined, yet it remained larger than that for 
conservation area No. i121. 

Soil loosened by cultivation may be easily eroded in slop- 
ing-row fields, until a surface crust is again formed. On the 
contrary, soil loosened by cultivation in contour rows is prob- 
ably not carried off the farm field. The slow-moving runoff 
water in the contour furrows may carry off a little of the 
loosened soil. The rapid-flowing water in sloping corn rows 
like that in 106 is, however, capable of transporting large 
quantities of loosened soil. Further observations in years to 
come will make it possible to give more positive reasons for 
these and other erosion differences throughout the corn season. 

One more feature of Fig. 4 is worthy of much attention. 
It is the least striking of any curve on the figure. Down in 
the lower right-hand corner there is a line showing the ap- 
proximate relationship of soil loss from mulch corn water- 
shed (188) to that from check watershed 106. Whereas 
erosion from No. 106 ranged up to 4.5 tons per acre for each 
storm, there was no soil loss from No. 188. The greatest soil 
loss from the mulch field (Table 4) was 0.25 ton per acre 
at a time when that from the check area was 6.5 tons per 
acre. 

It is realized that the land slope of No. 106 is 35.6 per 
cent greater than that of No. 188. In order to adjust soil loss 
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SOL LOSS ON 
CONSERVATION WATERSHED (2! 


0 2 4 6 86 1 L2 14 16 18 20 22 24 26 28 
SOIL LOSS ON CHECK WATERSHED 106 (TONS PER ACRE) 
Fig. 7 Effect of conservation farming on soil loss from watersheds 106 
and 121 by storms — wheat year 1945 


data from No. 188 to correspond more closely to that for 
the 14.3 per cent slope of No. 106, a factor of 1.530 must be 
applied to the data from the former. Even after this factor 
is applied, the effect of the mulch shows up as extremely 
valuable. 

The effect of conservation practices — contour cultivation 
and mulch as represented by the lines on Fig. 4 — were trans- 
formed into curves in Fig. 5 as percentage reductions of soil 
loss. Soil loss from the check watershed serves as the basis 
for computing soil loss reductions. No adjustment is made 
for differences in land slope. If such were made, the three 
long curves would move up on the vertical scale. The bottom 
curve would then lie above zero for most of its length. A 
land-slope adjustment of erosion data for the mulch curve 
would, in effect, lower its position slightly. 

Soil loss data from strip-cropped watersheds are too few 
to establish even a trend line. Information to date indicates 
that the total soil loss for a 4-year rotation from an 8-acre 
check watershed amounted to 12.1 tons per acre. That from 
4 years of contour strip cropping totaled 2.2 tons per acre. 
These amounts can change greatly depending on rainfall 
characteristics in the 4-year rotation period. 

Before leaving the corn-season erosion relationships, one 
more comparison will be made. This is the effect of conser- 
vation farming on monthly and seasonal (June to Septem- 
ber) runoff from the four pairs of watersheds (Fig. 6) for 
the 6 years of record. Seven of the seasons showed a reduc- 
tion in runoff, that is, all values plotted below the 45 deg line. 
The reductions in runoff ranged from 17 to 77 per cent. The 
total amounts of runoff reduction ranged from 0.46 to 2.44 in 
in the 4-mo season. 

Although soil loss values presented in Fig. 3 for these four 
pairs of watersheds are for the year, it should be under- 
stood that almost all of this erosion occurred in the summer 
months. For this reason, the June-September period was se- 
lected for the runoff comparisons (Fig. 6). The 1944 and 
1948 seasons offer an interesting comparison. In the former 
year the conservation watershed had more soil loss (5 per 
cent) and less runoff (17 per cent) than the check area. In 
1948, however, with good sod waterways, conservation farm- 
ing reduced both runoff and soil loss—the former by 61 
per cent and the latter by 88 per cent. 

Soil loss from wheat watersheds has been, over the years, 
much less than that from corn land. It, however, can not 
be neglected. Conservation efforts are also being directed 
towards farming practices which will reduce erosion in wheat 
land. Fig. 7 shows the magnitude of such control on water- 
shed No. 121 in one year, 1945. Of 7 yr of record, this was 
the year of largest soil loss on wheat land. Erosion for other 
years was much less. A comparison of the scales on Figs. 3 
and 7 reveal the relative importance of soil loss on corn and 
wheat land. If one were to select the greatest single factor 
having the most conservation effect in wheat land, it would 
fall to manure. This mulch and plant food — the former es- 
pecially — furnishes good water and erosion control over the 
winter and early spring period. 


RESULTS 


1 Watershed measurements of soil loss furnish a means of 
observing the effectiveness of conservation farming under 
natural field conditions. 
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2 Conservation farming practices such as contour culti- 
vation in corn land lose much of their effectiveness if sod 
waterways are neglected. Soil loss on a watershed of 15 per 
cent land slope having no sod waterways was as much as that 
on the straight-row corn watershed. 


3 Contour cultivation with sod waterways resulted in 
large reductions of soil loss. The greatest reduction appea:ed 
to come soon after cultivation. Reductions up to 75 and 80 
per cent were not uncommon. Thereafter, this reduction fell 
off to around 20 per cent. For the entire year the reduction 
averaged 66 per cent. 


4 Mulch culture for contour corn land had the best rec- 
ord for erosion control with over 90 per cent reduction in 
soil loss. The largest amount of soil loss for any one storm 
on the mulch area was 0.25 ton per acre. The corresponding 
value for plowed contour corn land was 6.50 tons per acre. 

5 Winter mulch of manure on wheat land is an effective 
factor in erosion control. 


6 Results are not entirely new. The data are not num- 
erous enough to yield definite quantitative results. Yet use- 
ful ideas for conservation education and farming practices 
can be gleaned therefrom. 


7 Problems of sedimentation in reservoirs of great concern 
to farmers, cities, and industries can at least be partly solved 
by practicing conservation farming in the drainage area above 
the reservoirs. Reduction of soil loss on the farm can result 
in the slowing up of reservoir silting. 


AUTHOR’S ACKNOWLEDGMENT: The records of soil loss were com- 
piled under the immediate direction of F. R. Dreibelbis, soil scien- 
tist at the Coshocton experiment station; the work of Louis Gottschalk, 
head sedimentation section, Soil Conservation Service (Research), Wash- 
ington, D. C., greatly accelerated the analytical phase of this study. 
Their contribution is gratefully acknowledged. All studies at this ex- 
periment station are planned and carried out in cooperation with the 
Ohio Agricultural Experiment Station, L. L. Rummell, director. 


Tile Effluent Measuring Devices 
(Continued from page 136) 


The continuous-flow recorder has been used to get the 
following information: 


1 Maximum and minimum discharges and duration of 
high or low flows 

2 Trend of change in flow 

3 Time lag between irrigation water application and in- 
creased flow 

4 Disclosure of any breaks in the line and leakage from 
the surface that are due to poor backfill on new systems 

5 Diurnal fluctuation, magnitude, and period of change 

6 Detection of extraneous seepage into the tiled area and 
identification through the time element of the source of the 
seepage 

7 Disclosure of the general characteristics of discharge 
through cycles to classify and relate the amount of discharge 
per foot of tile installed. This information provides data in- 
dicative of the general efficiency of the tile system. 

Both devices have effected a saving in man-hours and 
have increased the scope of the field studies on drainage. It 
would be impossible to obtain the type and amount of in/or- 
mation needed on installed tile systems without these tovls. 


REFERENCES 


1. Israelsen, O. W. Irrigation Principles and Practices. John W’ cy 
and Sons, p. 55, 1932. 

2 Hayden, T. A. Weir Stick for Use in Narrow Canals and 
Streams. Engineering News-Record, 96 (21): 850, 1926. 

3 Lippincott, J. B. Hydraulic Measuring Stick. Western Coo- 
struction News, 4 (16): 424. 1929. 

4 Scobey, Fred C. Flow of Water in Flumes. USDA Tech Bul. 
No. 393, December, 1933. 

5 Christiansen, J. E. Measuring Water for Irrigation. Ca'i- 
fornia Agric. Exp. Sta. Bul. No. 588, March, 1945. 

6 Rohwer, Carl. Use of Current Meters in Measuring Pipe D:s- 
charges. Colorado Agric. Exp. Sta., Bul. No. 29, Sept., 1942. 

7 The Simplex Type S Parabolic Flume (Bul. No. 210). Simpicx 
Valve and Meter Co., 68th and Upland Sts., Philadelphia, Pa., 1946 


AGRICL 


T 


cases 
for ea 
ge us 
of m« 
ing W 
men | 
of th 
It 
chop} 
in MN 
t 
nomi 
other 
T 
chan 
that 
I 
blow 
T 
Socie 
conti 
¢ 


versi 


eo. 7 Se Wp Fe Se wd Rais ee ‘ape eae eet) Ge ees 
a Sab Faas me SAS a, ce Say pss pa Teen, 
oe SER ic eee = Saree: pe a ieee: ff pee a ave ts fe 
(ee aaa tie ae ok ee eh neat ies ea. Poe og eet Bg 1 wie 
he Baie SE a ene | sage food. ee a, ta ee ay bites Be i ad Mita Feels Sa 
oan Ree lee i | CR Bee cate ese cee bee einen, SS ae Eg ages ie 
Peay 
ies ey): 
Beh 
ee 140 a 
eee 
Raley Fah: 12 y 
see ary 
a! 5 1.0 
: | 7 BRRERERRE 
igs r) % 
YO 
oy wv 
Se 6 Ye 
a V/A 
Bu yer a 
4 4 By as ——_—— + —— 
: SA & 
Ky [7As) | 
er eg ae As 
eat . > 
aCi", y 1945 RELATIONSHIP 
: —_——_ ® 
. s OPRe4 \— 4 
pos Tee San 
jo Bees ne 
1 eer 
ee 
Mier «ig 
a 
ee 
ae 
an 
3 ee 
a ; 
nl 2 wre 
+ Se 
ee ay 
; o$ 
e 
eee. 
* +77) eek! oy 
oe as 
ae ak. 
a ee 
price vie i 
Tue stage 
re om 4 
ee ol 
ee 
Bes ae : 7 
Bec ; ' 
a ; P| : 
tea. 
2 ] 
OE is 
Pt Ne 
6s Mes D>) 
je ae ela 
ios ae 1 
pote ae 
Hie RA q 
sty 2 eee ; 
prem eyt> bk - 
Mei, Sort 7 
ik a eave: q 
ie 2 aie oe ee a 
ie care A = i " ie aes ee a - prea ee wee a il ae Pe ay ee eee ee ie 
a) eae a ee, Sn ti as eas eee | ea 7 ny ee ee eee S i Bie 2 ed if Cee eee Sha See SA iar Py ES nea bey: 
ne ecu STOR," ;, Qi ORIN! cs: aie ite a sire ce ee 2 en | ee 
es aie Paarl RSs a ie epee ae ; ed e = ae hs 
ae. Se AS SS se ate 4 : ‘ ig Sitges cey 
ee Aa gel iS a ey Be) Nae oe eae Lod pes aS 


AGRICULTURAL ENGINEERING for March 1949 


141 


Vacuum Unloader for Handling Forage 


By C. W. Terry 


MEMBER A.S.A.E. 


HE handling of silage may be divided into six or seven 
operations, namely, cut, prepare to load, load, trans- 
+. port, unload, chop, and elevate into the silo. Like most 
cases Of material handling, several methods have been tried 
for each of these steps. Similarly, it has been found advanta- 
geous to mechanize some or all of them. Within the memory 
of most of us, all but the transporting, chopping, and elevat- 
ing were done by hand. Now there are many farmers who use 
men only to operate machines that do all six or seven parts 
of the job. 

It has been demonstrated that cutting, preparing to load, 
chopping, and loading can be combined quite satisfactorily and 
in many cases economically by the field chopper. 

Transporting from the field to the silo may be done eco- 
nomically with trucks or wagons which the farmer uses for 
other purposes. 

The problem of unloading and elevating the silage me- 
chanically is one that has been solved so many different ways 
that it is difficult to determine which method is best. 

It is the purpose of this paper to describe the vacuum 
blower (unloader and elevator), to show how it may replace 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, Ill., December 1948, as a 
contribution of the Power and Machinery Division. 


C. W. Terry is professor of agricultural engineering, Cornell Uni- 
versity, Ithaca, N. Y. as 


Fig. 1 This picture shows the setup of the vacuum blower for handling 
forage , 


manual labor or more expensive mechanical equipment, and 
to point out its advantages and disadvantages. 


The machine consists of a standard materials-handling 
blower such as is commonly used in industrial plants for han- 
dling sawdust, shavings, dust from grinding or sanding wheels, 
etc. It may be powered either with an engine mounted on the 
same base, or by a tractor through a belt. A 14 in diameter 
flexible tube supported by a counterweight or spring is con- 
nected to the blower inlet through a 90-deg and a 45-deg el- 
bow. A 3-ft straight length of pipe to which a ring handle is 
attached is used to pick the silage or other material from the 
load. In order to prevent complete stoppage of the airflow 
10 holes of 1-in diameter are cut close to the inlet end of 
this straight pipe. 

The discharge or elevator pipe (also of 14-in diameter) 
is made in 6-ft sections with flanges for coupling together. 
One adjustable-length section provides for usual variations 
in height. Two 90-deg elbows are used at the top or discharge 
end. Fig 1 shows the general arrangement. 

The manufacturer states that “the vacuum blower is an 
ideal unloading device for anyone who owns a field chopper.” 
With it one man can unload from any type truck or wagon, 
provided that the top of the load is not covered. It will elevate 
the silage into any normal silo. This blower may be used to 
elevate materials other than silage, such as chopped hay or 
straw, pasture clippings, and small grains. 


GENERAL CONSIDERATIONS 


Pneumatic conveyors for bulk materials may be of the 
blower type, exhaust or suction type, or a combination of ex- 
haust and blower type. The vacuum blower discussed here 
is of the latter type; the material enters under suction, passes 
through the fan, and is blown into the silo or other storage 
space. Since the air can escape through the normal openings 
in the silo or barn the inverted cone collector is not used as 
in the case of many industrial applications. 

Air velocities of 3,500 to 7,000 fpm are common with 
these installations. Higher velocities are required for more 
dense materials and large particle sizes. To satisfy this con- 
dition a large amount of power is required even without the 
material going through the machine. Fan manufacturers’ 
tables show that 15 to 25 hp are required to drive a fan of this 
size when high air velocity is attained. 

The theoretical power required to elevate the silage is 
comparatively small. To raise 20 tons per hour to an elevation 
of 40 ft requires only 0.8 hp. Surely then, we do not think of 
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using a machine of this sort to save power. We must justify 
it on the basis of reducing the amount of manual labor, reduc- 
ing the number of machines (investment), and using it for 
more than one job. 

If two, three, or more rigs are required to transport silage 
from the field to the silo, a separate mechanism may be in- 
stalled in each truck or wagon, and suitable source of power 
provided to accomplish unloading. In this case, the cost of 
these mechanisms and of the power supply are added to the 
cost of the blower. 

It is possible to arrange conveyors which will allow dump- 
ing the whole load and which give a suitable rate of feed to 
the blower from a bin or pile. But such an arrangement is 
even more expensive. Just how far one can go toward mak- 
ing the operation entirely mechanical depends on the usual 
factors that govern such economic problems. 


SHADED PORTION SHOWS 
(OPERATING |RANGE 
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Fig. 3 These curves show the power available from a 4-cylinder, air- 
cooled engine and the power required by a vacuum blower 


ENGINEERING ANALYSIS 

The first problem is to pick 
the material from the load. Fig. 
2 shows what low velocities 
exist a short distance from the 
end of the suction pipe. This 
indicates that the pipe must be 
held very close to the surface of 
the load in order to accelerate 
the material and “float” it in the 
air stream. This is the critical 
part of the design problem. A 
compromise must be made be- 
tween a small diameter required 
for high velocity, and a larger 
diameter which will allow suf- 
ficient quantity of air and solid 
material to flow with minimum 
friction losses. 

Tests made during normal 
operation of one of these ma- 
chines while unloading corn 
silage showed 


1 Pressure difference across 
the blower, 7 to 15 in of water 

2 Air velocity, 5000 to 6500 
fpm 

3 Power required (includ- 
ing transmission losses), 27.5 
to 30.5 bhp 

4 Rate of unloading, not in- 
cluding time to place loads in 
position, 15 to 20 tons per hr. 


ele 
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Curves of power required by the blower and available 
from the engine (manufacturers ratings) are shown in Fig 3, 
It was intended that the blower should run at 2,200 rpm, 
which would: normally require about 26.5 hp without sil: ge 
going through. However, the operators seemed to prefer to 


use wide-open throttle on the engine and let the blower act | : 


as a governor for the machine. Actually this seemed to work 
very well, but it is not known how long the engine would 
stand up under this kind of operation. If one followed the 
engine manufacturers’ recommendations (use only 80 per 
cent rated power) he should use the slower speed if contin- 
uous operation is anticipated. 


The advantages of the vacuum blower were observed to 
be as follows: 


1 One simple, rugged machine replaces the usual blower 
and several unloading devices 

2 It unloads any type of wagon or truck 

3 Standard parts easily repaired or replaced 


4 May be used for drying grain, hay, etc., or for special 
ventilating jobs. 


The disadvantages of the vacuum blower are that greater 
power is needed and it is more difficult to set up the larger 
pipe. 

CONCLUSIONS 

Operators of the vacuum blower were entirely satisfied 
with its operation since one man could unload silage, without 
excessive effort, as fast as the silage was harvested by a field 
chopper. 

The vacuum blower will eliminate a great deal of manual 
labor or will reduce the number of machines used for unload- 
ing and elevating silage. It allows the farmer to use different 
vehicles for transporting the material without using several 
different unloading devices. The capacity is comparable with 
that of the more common field choppers. 


It is somewhat more difficult to set up the vacuum blower, 


due to the larger pipe size. More power is required than in 
the case of the ordinary ensilage blower. 
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Building terrace with Farmall tractor and disk plow 
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Should Know About Douglas Fir Plywo 


PROPER SPECIFICATION IS 
DETERMINED BY TYPE AND GRADE 


eA: with any other product made in different types 
and zrades, Douglas fir plywood will give the greatest 
atis{action at the lowest cost if the proper type, grade 
and thickness is specified for the intended use. 


eThe type of fir plywood is determined by the giue 
yhich has been used in its manufacture. The adhesive 
bond in EXTERIOR-type fir plywood must be com- 
pletely waterproof, permanent and stronger than the 
wood itself. INTERIOR-type plywood is now produced 
with improved, highly moisture-resistant glues which 
remain strong indefinitely so long as not subjected to 
repeated wetting or high humidity. 


¢ Exterior-type fir plywood may be used for any farm 
use or exposure for which wood is suitable, where 
heavy surface abrasion is not likely to occur. Silos and 
water tanks have been successfully constructed with it. 


eInterior-type fir plywood has many uses on the in- 
side of the farm home as well as for structural parts 
of the house. 


¢The grade of plywood panels, in both Exterior-type 
and Interior-type, is determined by the appearance of 
the wood veneers on the two panel surfaces. New, sim- 
plified veneer designations permit easy understanding 
of the grade classifications. These four surface veneer 
groups are: A (sound, smoothly-cut veneer free of 
open defects, and suitable for painting), B (solid 
veneer containing circular repair plugs, and _paint- 
able), C (veneer containing some small open defects, 
but suitable for Exterior panel backs) and D (veneer 
containing some medium-sized open defects, but suit- 
4 able for Interior panel backs). 


§ ¢ The combination of these face and back veneers for 
4 Exterior and Interior type panels, and the correspond- 
@ ing industry grade-trademark, are given in the chart. 
@ Within the Exterior-type, the PlyShield and Utility 
grades will be found most useful; within the Interior- 
# type, the PlyPanel and PlyBase grades will have widest 
applications. Other grades, too, will meet specific needs. 


¢ Douglas fir plywood is better today than ever before. 
Performance requirements for the adhesives for both 
Exterior-type and Interior-type panels have been made 
more severe. In general, requirements for each of the 
wood veneer classifications are the same today as 
pre-war. To tailor plywood more closely than ever to 
use requirements, additional interme- 

diate appearance grades have recently 

been introduced. 


¢For positive identification, each fir 


The proper selection of any building 
material for the farm requires consid- 
eration of a number of factors. 


d 


aon . i 


Sena This is the second of a series describing 
. these considerations as they apply to 
the selection and use of Douglas fir 
plywood for rural homes and farm 
buildings. 


EXTERIOR-TYPE 


Industry 
Grade-trademark | 


EXT-DFPA‘A"A] = |A-A(So2S) | A(Sound) | A (Sound) 


EXT-DFPA‘A-B} | A-B(So/Sld) | A(Sound) | B (Solid) 


Grade | Face Veneer | Back Veneer 


A-C (So1S) A (Sound) C (Ext. Back) 


EXI-DFPA-UTITY-s-c] |B-C(Sld/1S) | B (Solid) C (Ext. Back) 


(EXT-DFPA-SHEATHING-c-c] |C-C (Sheathing)| C:(Ext. Back) | C (Ext. Back) 


FARM USES: A-A—Specialty uses where both faces are exposed. A-B—’’Stressed-skin” 

silos and other critical curved and load-bearing uses. PLYSHIELD—House siding. 

EXTERIOR-UTILITY—Portable buildings, grain bins, livestock and poultry buildings, 

fced hoppers, miik houses, refrigerators, truck bodies and feed carts. Floor sheathing or 

linoleum underlay in bathrooms and laundries. EXTERIOR-SHEATHING—Roof and wall 

=" where moisture condensation is probable, hay baler blocks, fruit and vegetable 
Oxes. 


INTERIOR-TYPE 


PO Grade Face Veneer | Back Veneer 


INTERIOR -A-A:DFPA} | A~A (So2S) A (Sound) A (Sound) 
INTERIOR -A-B-DFPA! =| A-B (So/Sld) A (Sound) B (Solid) 


A-D (Sol1S) A (Sound) D (Int. Back) 
B-D (Sld/1S) B (Solid) D (Int. Back) 
C-D (Sheathing)| C (Ext. Back) | D (Int. Back) 


<—* ee B (Solid) B (Solid) 


FARM USES: A-A—High quality cabinet doors. Single thickness partitions exposed on both 
sides. A-B—Shelving and casework. PLYPANEL—Home remodeling, stained or painted 
room walls and ceilings. PLYBASE—Linoleum underlay, wall-papered walls and ceilings. 
PLYSCORD—House wall and roof sheathing, except for roof verge and overhang. 
PLYFORM—Concrete forms for several re-uses, ordinary quality cabinets and casework. 


© 
plywood panel manufactured by firms D ] F 
joined in the industry research, qual- ou as if 


ity control and promotion program is 
stamped with the proper grade-trade- 
mar!:. The farmer can purchase the 


Note: The Douglas Fir Plywood 
Association is a non-profit or- 


ty] ee 


proper thickness of the type and ganization devoted to quality 
grace specified in any qualified build- control and product research, 


panels will satisfactorily serve in the vantage. Questions relating to LARGE, LIGHT, STRONG Ayoot 


use for which they have been rec- the proper specification of fir 


ing plan with confidence that the 


ommended. plywood for 
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and to helping plywood users 
employ the material to best ad- 


any specific farm 


use may be addressed to: Douglas Fir Plywood Association, Tacoma 2, Washington 
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NEWS SECTION 


Southeast Section Elects Harry Dearing 


ARRY DEARING was elected chairman of the Southeast Section 

of the American Society of Agricultural Engineers, at a business 
session held during the annual Section meeting, January 31 to February 
2, at Baton Rouge, La. Mr. Dearing is agricultural engineer, Tennes- 
see Coal, Iron, and Railroad Co., Birmingham, Ala. 

Vice-chairmen elected were J. Irwin Davis, Sr., special representa- 
tive, Caterpillar Tractor Co., Albany, Ga., and J. C. Hundley, exten- 
sion agricultural engineer, University of Tennessee. T. N. Jones, head, 
agricultural engineering department, Mississippi Agricultural Experi- 
ment Station, is the new secretary-treasurer of the Section. 

The Section met in conjunction with the Association of Southern 
Agricultural Workers, as is its custom. It drew possibly the largest at- 
tendance of any meeting ever held by the Section. Agricultural engi- 
neers were one of the largest groups represented among the various 
branches of science included in the ASAW meeting attendance. 

A feature of the meeting was a full-day program on cotton mech- 
anization sponsored jointly by the Southeast and Southwest Sections 
and the Society's Power and Machinery Division. 


George Clyde Elected Chairman of ASAE 


Pacific Coast Section 


Oh scan D. CLYDE, chief, division of irrigation (research), Soil 
Conservation Service, U. S$. Department of Agriculture, was elected 
chairman of the Pacific Coast Section of the American Society of Agri- 
cultural Engineers for 1949, at a meeting of the Section held on the 
University of California campus at Davis, February 3rd. Clarence T. 
Rasmussen, chief engineer, John Deere Killefer Co., was elected vice- 
chairman, and Walter W. Weir, drainage engineer, University of Cali- 
fornia, was re-elected secretary-treasurer, an office he has held con- 
tinually since 1929, except for one year while he served as chairman 
of the Section. Thor W. Christensen, assistant manager, rural electric 
sales, Pacific Gas and Electric Co., was elected a member of the Sec- 
tion’s executive committee. 

The new members of the Section’s nominating committee include 
Austin Armer, agricultural engineer, Spreckels Sugar Co. (chairman); 
L. M. K. Boelter, dean of engineering, University of California at 
Los Angeles, and Tom A. Bither, sales engineer, Armco Drainage and 
Metal Products, Inc. : 


Harry Walker Elected Life Member of ASCE 


A* A meeting in January of the Sacramento (Calif,) Section of the 
American Society of Civil Engineers, Harry B. Walker was pre- 
sented with a certificate of life membership in that Society, having: been 
a member of the organization since 1914. 

Mr. Walker, for twenty years head of the agricultural engineering 
division at the University of California, is a past-president of the 
American Society of Agricultural Engineers, and in 1939 was selected 
by the Society as the recipient of the John Deere Gold Medal. He is 
past-chairman of the Pacific Coast Section and of the College Division 
of the Society. 


Danner Appointed Georgia Registrar 


b  pescmae N. DANNER, Jr., professor of agricultural engineering, 
University of Georgia, was appointed registrar and director of 
.admissions of the University effective February 9. So far as known he 
is»the first agricultural engineer selected by any University:-to serve in 
that capacity. He will continue to be associated with the agricultural 
éngineering department, and plans to teach one of its courses each term 
as long as his other duties may permit. 

Mr. Danner has been with the agricultural engineering department 
at the University of Georgia since 1929, and has been active in pro- 
fessional, university, civic, religious, and community life. 

As a member of the American Society of Agricultural Engineers, he 
helped to organize the Georgia Student Branch and served as_ its 
faculty adviser for 17 years; is a past-chairman of the Georgia Section 
and the Southeast Section, and has served as chairman or member of 
several ASAE committees. 

During these same years he has held various major committee assign- 
ments in the College of Agriculture and the University; and has also served 
for various periods as faculty marshal, as deacon and chairman of the 
board of deacons of the First Presbyterian Church of Athens; Athens 
city councilman and chairman of its committee on public works, and 
member of the board of directors of the Athens and Clarke County 
community chests. His new appointment is a well-earned recognition 
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A.S.A.E. Meetings Calendar 


March 17 to 19 — Mip-CENTRAL SECTION, Kansas State Col- 
lege, Manhattan. 

April 15 and 16—SoutHwest SEcTION, Grim Hotel, Tex- 
arkana, Tex. 

April 15 and 16 — VirciniA SECTION, Hotel Roanoke, Roan- 
oke, Va. 

June 20 to 23-—— ANNUAL MEETING, Michigan State College, 
East Lansing, Mich. 

October 6 to 8 — Paciric NoRTHWEST SECTION, Harrison Hot 
Springs Hotel, Harrison Hot Springs, B. C. 

December 19 to 21 — WINTER MEETING, Stevens Hotel, Chi- 
cago, Ill. 


of his long and efficient service to the University beyond the range of 
his immediate duties as a member of the agricultural engineering 
faculty. : 

Mr. Danner received his bachelor’s degree in agricultural engineering 
at Virginia Polytechnic Institute in 1929, and his master’s degree at the 
University of Georgia in 1933. He became a member of ASAE in 1930. 


Mid-Central Section to Hold Meeting 


THREE-DAY meeting of the Mid-Central Section of the American 

Society of Agricultural Engineers will be held at Kansas State Col- 
lege, March 17, 18, and 19. The Section includes all ASAE members in 
Kansas, Missouri, and Nebraska. 

The opening session will be a 6:30 p. m. dinner (March 17) at 
Thompson Hall on the Kansas State College campus. Features of the 
evening program will be an address by Arthur J. Schwantes, president 
of ASAE; a stunt by the Kansas Student Branch of ASAE, and a motion 
picture on Kansas. Paul N. Doll, chairman of the Section, will be 
toastmaster at the dinner. 

“Missouri Basin Development” is the general topic for the fore- 
noon session of March 18. Scheduled contributions include ‘The Mis- 
souri Basin Development Program,” by Gladwin E. Young, USDA; 
“Water Conservation for Kansas’ by Geo. S. Knapp, chief engineer, 
Kansas Division of Water Resources; “Irrigation in the Missouri Val- 
ley” by Ben H. King, Bureau of Reclamation, USDI, with discussion 
by R. P. Beasley, agricultural engineering department, University of 
Missouri, and “Growing Permanent Vegetation in Outlet Channels’ by 
D. D. Smith, project supervisor, Soil Conservation Service. H. S. 
Hinrichs, rural service manager, Kansas Power and Light Co., will 
preside. 

A luncheon will be followed by a short business meeting of the 
Section. During the afternoon, F. C. Fenton, head of the agricultural 
engineering department at Kansas State College, will conduct the group 
on atour of the campus and experiment station to observe research work 
in progress. In the evening the ‘Engineers’ Open House” display will 
be the special attraction. 

“Power and Machinery’’ is the general topic for the forenoon ses- 
sion on March 19. L. W. Hurlbut, head of the agricultural engineering 
department, University of Nebraska, will preside. Paul N. Mulliken, 
manager, National Retail Farm Equipment Association, will open the 
program with a talk on ‘Power and Machinery in Agriculture.” © The 
Farm Shop in the Farm Machinery Program” will be presented by H. 
L. Kugler of Kansas State College. “Recent Developments in Spraying 
Equipment” will be reported by G. E. Fairbanks, assistant prof -ssor 
of agricultural engineering, Kansas State College. “Rural Electrification 
in Kansas’ will be reviewed by Harold B. Stover, as the conch ding 
feature of the program. Those attending the meeting are invitc | to 
attend an engineering experiment station luncheon on Saturday no: 


Barre Heads Housing Research Group 


D*: HENRY J. BARRE, head of the agricultural engineering de- 
partment, Purdue University, was recently appointed by Dr. }. L. 
Horde, president of the University, to serve as chairman of the how ing 
research committee of the Purdue Research Foundation. 

In addition to Dr. Barre, the committee includes representative of 
the University departments of civil engineering, mechanical engineer .0g, 
home economics, sociology, horticulture, and physics; its represents ive 
on family housing; and the research director of the Purdue Rese. *ch 
Foundation. 

The committee program is still in the formative stage, but ©n- 
siderable work is planned for the near future. 


(Continued on page 146) 
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FROM UNDER 


UNDER 2-FOOT SAND-DRIFTS is a good, rich 
clay loam farm. For a small fraction of its 
value, this land is being reclaimed. 

Balcom & Moe, Grandview, Washington, 
hitch their “Caterpillar” Diesel D8 Tractor 
to a huge Post Brothers plow to do this 
super-heavy job. 

This 36-inch moldboard plow is working 
three feet deep, at first or second speed. 

- The outfit reclaims six to seven acres in a 
10-hour day. And the D8 is burning an 
average of only seven gallons of low-cost 
Diesel fuel per hour. 

A job like this suggests the great engi- 
neering possibilities of turning wasteland 


¥ P a 


into wealth with modern “Caterpillar” Die- 


sel power. Here is positive traction (even 


on blow-sand!) to match heavy-duty en- 


gine power. Plus fuel and operating econ- 
omy to do the reclamation job even under 
extreme conditions. 

“Caterpillar” builds five world-proved 
sizes of Diesel track-type tractors—32 to 
130 drawbar horsepower—and a complete 


line of earthmoving equipment for soil con-. 


servation and land correction. 

A world-wide dealer organization backs 
the successful operation of this equipment 
with ample parts and service facilities. 


CATERPILLAR TRACTOR CO., PEORIA, ILL. 
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NEWS SECTION 


(Continued from page 144) 


Farm Equipment Research Conference 


at Rutgers University 


RUTGERS UNIVERSITY and the New Jersey Agricultural Experi- 
ment Station at New Brunswick will be host to a Farm Equipment 
Institute sponsored research conference scheduled for April 28 to 30. 

This is one of a series of conferences sponsored by the Research 
Committee of the Institute to improve contacts and understanding be- 
tween representatives of the industry and men in public service re- 
search, in furtherance of their separate but interdependent services to 
agriculture in the improvement of farm operating equipment and 
methods. 

Forage production and handling, self-feeders, chemical weed con- 
trol, and processing vegetables for the frozen food industry are to re- 
ceive attention during the afternoon of April 28. H. E. Babcock, well- 
known New York State Farmer, agricultural leader, speaker, and writer, 
is to address the conference at dinner the same day. 

Subjects scheduled for the forenoon program, April 29, include 
orchard equipment, electric brooding and radiant heat, egg cleaning 
and washing, new poultry processing equipment, and chick batteries and 
laying cage equipment. An intermission in this program will provide 
opportunity for inspection of the agricultural engineering laboratory 
and museum. 

During the afternoon of April 29, the group will inspect farms in 
the vicinity of Freehold, N. J. At a dinner in the evening the featured 
speakers will be Dr. C. E. F. Guterman, director, Cornell Agricultural 
Experiment Station; Dr. F. F. Lininger, director, Pennsylvania Agricul- 
tural Experiment Station, and a representative of the Farm Equipment 
Institute. 

““No holds barred” is the indicated ruling to govern a discussion 
period during the forenoon of April 30, closing the conference. Those 
scheduled to open the verbal sparring are R. U. Blasingame, O. C. 
French, M. S. Klinck, H. N. Stapleton, A. W. Turner, and M. E. 
Singley. F. P. Hanson, representing the Institute, and H. E. Besley, 
representing Rutgers, will preside. 

Following the conference those attending are invited to see the 
annual agricultural field day activities prepared and presented by stu- 
dents of the New Jersey College of Agriculture and to inspect self- 
feeder barns at Titusville, N. J. 


Chemurgic Conference at Memphis 


pan production operations and related farm equipment problems 
are to be presented by several speakers on the program for the 14th 
National Farm Chemurgic Conference at Memphis, Tenn., March 30 
to April 1. 

R. C. Archer, vice-president, International Harvester Co., is to 
address the Conference on new field equipment for chemurgy. 

Comments on improved harvesting and competitive prospects are to 
be included in a paper on breeding and production of okra seed for 
oil, by Dr. Julian C. Miller, head of horticultural research, Louisiana 
State University. 

Straw as a source of fibre for newsprint paper, with a potential 
annual market for up to 20,000,000 tons of straw for this use, will be 
discussed by E. R. Timlowski, technical director of the Kinsley Chem- 
ical Company. He has provided technical direction in the development 
of new processes for making newsprint fromi straw. ‘ 

Basic production of chemurgic crops, including specifically sweet 
potatoes, alfalfa, and soybeans, will be emphasized in the Friday morn- 
ing (April 1) session of the Conference. 

Dr. P. V. Cardon, administrator, Agricultural Research Administra- 
tion, U. S. Department of Agriculture, is on the Friday afternoon pro- 
gram for a report of progress and continuing studies on chemurgic 
crops for the south. 

Dr. G. A. Shuey, general agricultural chemist, University of Ten- 
nessee, is to analyze recent developments in food research as related 
to crop production and utilization, in a paper on food technology and 
chemurgy. This is scheduled for the closing session, Friday evening. 
In the same session Claude S. Halderman, agricultural service depart- 
ment, Cargill, Inc., is to discuss farming and manufacturing aspects of 
oil production from sunflowers and safflowers. 

L. F. Livingston, manager, agricultural extension division, E. I. 
du Pont de Nemours and Co., and a past-president of ASAE, is again 
to be a featured speaker at the banquet on Thursday evening. His ad- 
dress will be illustrated by an entirely new stock of chemurgic products. 

Other program features in which agricultural engineering angles may 
possibly turn up include the address of welcome by Wheeler Mc- 
Millen, president of the National Farm Chemurgic Council; and papers 
on cotton, pecans, peanuts, grain sorghums, waxy corn, animal nutri- 
tion, Turkish type tobacco, tung oil, hybrid trees, farm woodlots, and 
on processing, new uses, new products, and product improvements with 
chemurgic raw materials. 


AGRICULTURAL ENGINEERING for March | 949 


| 


Personals of A.S.A.E. Members 


Wesley F. Buchele recently resigned as junior development  agi- 
neer of the John Deere Waterloo Tractor Works, to accept apy int- 
ment as assistant professor of agricultural engineering at the Univ. -sity 
of Arkansas where he will engage in part-time teaching and res: irch 
work on cotton mechanization. 


Everett H. Davis, who recently became associated with Irrig. ion 
Equipment, Inc., Eugene, Ore., as irrigation engineer, was re  atly 
elected the first president of the Association of Sprinkler Irrix .tion 
Equipment Manufacturers organized in January at a meeting in Ch ago. 
One of the announced purposes of the new association is “to work with 
ASAE on standardization of equipment and application engineerin 


William A. Dodd, Jr., formerly employed in the department of >ub- 
lic works of the U. S. Atomic Energy Commission, recently acc. pted 
appointment as instructor in soil conservation and farm power and 
machinery in the agricultural engineering department of the Univcrsity 
of Tennessee, Knoxville. 


Lee H. Ford, formerly supervisor, educational services, consumer 
relations department, International Harvester Co., has recently been 
made supervisor of parts catalogs and manuals in the company’s parts 
catalog and instruction manual department. 


E. D. Gordon, formerly an agricultural engineer in the UU. S. 
Department of Agriculture and more recently agricultural engineer for 
the U. S. Sugar Corp., has joined the agricultural division of Mare- 
mont Automotive Products, Inc., Chicago, in the newly created position 
of field engineer to spearhead the company’s new field-testing program. 


Melvin J. Happe is now senior engineer on designing and super- 
vising development of farm machines for the New Holland Machine 
Division of The Sperry Corporation, New Holland, Pa. 


G. E. Henderson recently resigned as chief of the agricultural engi- 
neering division, Tennessee Valley Authority, to accept appointment 
as professor of agricultural engineering at the University of Georgia. 
His principal duty in his new position will be that of regional co- 
ordinator of the southern association of agricultural engineers and vo- 
cational-agriculture educators. 


Joseph F. Kolling, until recently design engineer, J. I. Case Co., 
at Racine, Wis., has been transferred to the Company's plant at Betten- 
dorf, Iowa, to become assistant chief engineer in charge of grain ma- 
chinery. 


Albert W. Lavers, head of the Lavers Engineering Co. of Chicago, 
specializing exclusively in the design and engineering of tractors and 
farm equipment, has been retained as engineering consultant to the 
Independent Farm Industries, a national sales organization for inde- 
pendent manufacturers of farm machinery. 


E. Bruce Martin has resigned as extension agricultural engineer 
of the Department of Agriculture of the Province of Alberta to accept 
employment in the sales department of Allis-Chalmers Rumley, Ltd., at 
Edmonton, Alta. 


David A. Milligan, formerly director of service, Harry Ferguson, 
Inc., is now assistant director of procurement in charge of farm imple- 
ments. In his new position, Mr. Milligan will have charge of imple- 
ment purchasing, implement quality control, and production engi- 
neering. 


Albert E. Rust has resigned as rural service engineer for the P blic 
Service Co. of Northern Illinois to accept a position in the engine ring 
department of The Oliver Corporation at South Bend, Indiana. 


Elmer H. Smith, formerly with the Kansas City Power & Light Co., 
is now farm machinery service manager for Consumers’ Cooper itive 
Assn. at Kansas City, Mo. 


James B. Stere recently resigned as agricultural engineer, West °enn 
Power Co., to join the staff of C. A. McDade Co., Pittsburgh. Pa., 
as agricultural engineer in charge of dealer training and equipme® de- 
velopment. 


C. E. Turner, Jr., formerly connected with the Seminole Truc nd 
Tractor Co., Seminole, Tex., is mow engaged as sales engine: on 
sprinkler irrigation equipment, including turbine and other pur ing 
units, for Stewart and Stevenson Services, Inc., at Corpus Christi, ‘ex. 


Donald A. Womeldorff, formerly a farm equipment specialis for 
the General Electric Supply Corp., has resigned to become district «rm 
sales supervisor of Westinghouse Electric Supply Co., 113 North ©“ain 
St., Chicago, Ill. 


Dale L. Woolsoncroft has resigned from the engineering sta. of 
the John Deere DeMoines Works, to accept appointment as exter 0n 
associate, specializing in farm power and machinery, on the agricu! ral 
engineering staff of Iowa State College. 
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cael . Aegrieultenal Universal Yotnte 
BLOOD BROTHERS MACHINE CO. 


ALLEGAN, MICHIGAN © CHICAGO OFFICE 122 S$. MICHIGAN AVE. 


BIVISION OF STANDARD STEEL SPRING CO. 


_upplying originc! manufacturers only, -epilacement parts should be ordered through him 
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This year you will want to get the full 
value of GRASS silage... it’s worth a lot 
of money to you. Low-cost, temporary 
silos, made with two layers of rugged, re- 
inforced SISALKRAFT inside of snow 
fence or wire fencing, are all you need. 


That’s your answer for good GRASS 
SILAGE. Very economical, plenty strong, 
able to resist exposure to the summer ele- 
ments. Plan for grass silage now . . . it’s 
valuable low-cost feed! Save your perma- 
nent silos for corn, 


For FREE INSTRUCTIONS on 
“How to Build Sisalkraft Silos" 
Mail this Coupon TODAY 


seeeee ees eeeeeee8 88 88088888) 


8 The SISALKRAFT Co., Dept. AE ' 
§ 205 W. Wacker Drive, Chicago 6, Ill. H 
z ‘ 
i Please send ele and directions a 
a on How to Build Sisalkraft Silos. . 
H Saath tcctsinssiscaisectpechankasleonas sheep siatuiniansstnanenininlce . 
g Town.......... 4 
g RFD No. a 
be eo a | 


Ask your Lumber Dealer about 
ALL the uses of SISALKRAFT 


on the farm. 
~~ The SISALK 


siti chicas 6 
W. Wacker Drive, Chicago 6, Ill. 


S. H. McCRORY, 1880-1949 


perma HENRY McCRORY, passed away at his home in Washing. 
ton, D. C., Friday, February 18, following a heart attack, at the age 
of 69. ; 

A native of Iowa, Mr. McCrory attended Ireton High School and 
Iowa City (Iowa) Academy, and graduated from the University of Iowa 
in civil engineering. For a few years he engaged in private practice at 
Sioux City. His career in government service began in 1907, when he 
was employed as a drainage engineer in the Office of Experiment Sta- 
tions, U. S. Department of Agriculture. He was named engineer in 
charge of drainage investigations in that office in 1912, and in 1913 
was classified as chief of drainage investigations. 

When the division of agricultural engineering was organized in the 
Bureau of Public Roads, in 1921, he was appointed first chief of the 
division. He continued to head agricultural engineering work in the 
Department of Agriculture through its changes in administrative setup, 
until his voluntary retirement in 1946. 

Following his retirement he went to Iraq and Iran to make engi- 
neering studies of flood control projects for the United Nations. He 
had more recently completed similar studies for the Government of 
Egypt. 

Right up to the time of his passing Mr. McCrory was interested in 
and taking an active part in making advance arrangements for the ASAE 
annual meeting to be held in Washington, D. C., in June, 1950. 

Other recognition, responsibilities and honors accorded Mr. McCrory 
included the degree of Civil Engineer by his alma mater in 1908; 
election to membership in the ASAE in 1919, election as president of 
ASAE for the year 1923-24; the degree of agricultural engineer by 
Iowa State College in 1926; election to the grade of Fellow of ASAE 
in 1937, and the first John Deere Medal Award of the Society in 1938. 
He was also a member of the American Society of Civil Engineers, 
American Society for Testing Materials, National Academy of Sciences, 
Washington Engineering Society, Cosmos Club, Thirteen Club, and 
Takoma Lodge No. 29, A.F. and A.M. 

Mr. McCrory was preceded in death by his wife, Blanche Severe 
McCrory, in 1938. He is survived by two daughters, Mrs. Russell E. 
Stanford of Richmond, Wash., and Mrs. Thomas A. Rice of Salzburg, 
Austria; a sister, Miss Carrie McCrory, of Washington, D. C.; and a 
brother, John McCrory, of Canoga, Calif. 


Necrology 


— 


WiiuaM E. UrscHEL, founder and chairman of the board of | rschel 
Laboratories, passed away September 7, 1948, at his residence »1 Val- 
paraiso, Ind. He was 68 years of age. Born in Wabash Count). Ind., 
he was graduated from the fine arts department of Valparaiso ( ollege 
in 1901, spent three years in Idaho, returned to Valparaiso for g: \duate 
work in fine arts, continued his studies at the Art Institute in C'icago, 
and then spent two years with the Lakeside Studio in Chicago, | csign- 
ing hand-painted china. y 

In 1907 Mr. Urschel returned to Valparaiso and started <<peri- 
mental work and mechanical design. In 1909 he completed a successful 
gooseberry stemmer. The following year he established the ( :schel 
Laboratories as a means of furthering his development work a! the 
manufacture of some of his smaller inventions. He continued wi:’ this 
mechanical development work successfully throughout his life. At the 
time of his passing he had been granted more than 80 patents an. had 
application on file for several more. (Continued on page !52) 
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for the big job 
...or the small 


there’s an OKF 
pillow block for 
every application 
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os S30 Spherical Roller Bearing Pillow Blocks, in a wide range of 

ad standard sizes, are designed for bearing protection under various loads 
and speeds. 

re 

E. In industrial and marine equipment of all kinds, they keep SASS’ Bear- 

, ings rolling smoothly, continuously and economically ... seal the 
bearings against dust, scale and water . . . send maintenance costs 
’>way down. 
To insure long trouble-free operation, specify SSS Bearings by ordering 

- S33 Pillow Blocks to match. SF Industries, Inc., Philadelphia 32, Pa. 
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Applicants for Membership 


The following is a list of recent applicants for membership 1 the 
American Society of Agricultural Engineers. Members of the Soci ty 
urged to send information relative to applicants for consideration 9 the 
Council prior to election. 


Acton, R. L.—Sales engineer, Whitney Chain and Mfg. Co., > 
Loomis St., Chicago, Ill. 


Adams, Sneed T.—Work unit soil conservationist, Soil Cons: vation 
Service, USDA (Mail) P.O. Box 261, Bedford, Va. 

Asir, A. K.—Tractor engineer and officer-in-charge of mec’ inized 
cultivation, Department of Agriculture, Hyderabad Government, _ {yder. 
guda, Hyderabad (Deccan), India. 


Baker, W. L., Jr.—Assistant agricultural engineer, Alabama Power 
Co., Birmingham, Ala. 


Berry, Preston E.—Tractor engineer, Ethyl Corp. (Mail) _ 34 §. 
Colonial Homes Circle, N. W., Atlanta, Ga. 


Brandt, Charles R—Sales engineer, Clay Equipment Co. Mail) 
Box 163, Peterson, Iowa. 

Buhr, A. G.—Assistant engineer, farm implement develcpment, 
Allis-Chalmers Mfg. Co., LaCrosse, Wis. (Mail) 406 S. 20th St 

Cade, William M.—Design engineer, French & Hecht Div., Kelsey- 
Hayes Wheel Co., Davenport, Iowa. 


Carr, H. L.—Assistant chief engineer, Rilco Laminated Products, 
Inc., W-2562 First National Bank Bldg., St. Paul, Minn. 


Christenson, L. W.—Vice-president (sales), Cleveland Graphite 
Bronze Co. 17000 St. Clair Ave., Cleveland 10, Ohio. 

Coles, Walter—Farmer, Coles Hill Farm, Chatham, Va. 

Corl, C. $.—Manager, agricultural chemical and equipment sales, 
Associated Producers, Inc. (Mail) 5316 York Ave., So., Minneapolis, 
Minn. 


Crusinberry, Thomas F.—Product engineer, Dearborn Motors Corp., 
15050 Woodward Ave., Detroit 3, Mich. 


Ferguson, John L.—Works manager, J. I. Case Co., Burlington, 
Iowa. 

Fischer, James H.—Engineer, The Beet Sugar Development Founda- 
tion, Fort Collins, Colo. (Mail) P. O. Box 531. 


Frushour, George V.—Engineer, Allis-Chalmers Mfg. Co. (Mail) 
R. R. No. 1, Rolling Prairie, Ind. 


Gault, Ray M.—Agricultural sales engineer, Public Service Co. of 
For Weed and Pest Northern Illinois. (Mail) 388° E. Court St., Kankakee, III. 
. Hamilton, ~~ ne engineer, bo ——— “a 
USDA. (Mai ricultural Engineerin ., University of Ne- 
Control Equipment Senta, tian, thee eo , 
Hanson, Dick V.—Building editor, Meredith Publishing Co., 1716 
In one compact unit, you get all Locust St., Des Moines, Iowa. ‘ 
these advanced features: Johnson, Maurice L—Civil engineer, Department of the Army, 
Corps of Engineers. (Mail) 914 E. Armour, Apt. 25, Kansas City, Mo. 


Jones, Clinton M.—Drainage engineer, Soil Conservation Service, 
USDA. (Mail) R. R. No. 1, Jarratt, Va. 


Jones, Robert F.—Instructor in rural engineering, New York State 
Agricultural and Technical Inst., Alfred, N. Y. (Mail) Box 954. 

Lee, James J.—Agricultural engineer, Soil Conservation Service, 
USDA. (Mail) Lubbock, Tex. 

Maduke, B. I.—Junior engineer, Dominion Department 0! Agri- 
culture, PFRA, Saskatoon, Sask, Canada. (Mail) 812 - 6th Ave. North. 

Marshall, J. H.—Assistant branch manager, J. I. Case Co. (Mail) 
No. 9, Woodlawn Ave., Baltimore 28, Md. 

Meyer, Helmut—Leiter des Institut fur Schlepperforschung << Land- 
wirtsch. (Mail) Landwirtschaftliche Forschungsanstalt (20b) Braun- 
schweig-Volkenrode, Post Watenbuttel, Germany. 


Mohanty, H. K.—Trainee engineer, Government of India. (Mail) 
c/o Wm. X. Hull, Soil Conservation Service, USDA, Washingtea, D.C. 

Mullen, Charles C.—Secretary-treasurer, Rome Plow Co. (Mail) 
329 Girard Ave., Cedartown, Ga. 


Negro, Fernando — Assistant professor, Istituto di )  <canica 
Agraria - Universita di Torino, Via Paganeli, 9, Modena, Italy. 

Pristo, Ray E.—Layout draftsman, International Harveste’ “xpeti- 
mental Farm, Hinsdale, III. 

Rigor, Ernesto L.—Assistant agricultural engineer, Divisio: >f Soil 
Survey and Conservation, Department of Agriculture and Na I Re- 
sources, Manila, Philippines. (Mail) University of Californi: Davis, 
Calif. 


Speck, Eugene P.—Teacher in farm mechanics, Visalia — llege, 
Visalia, Calif. 

Stefanelli, Giuseppe—Professor, Istituto di Meccanica agra’ - dell 
Universita degli Studi, Via Filippo Re 4, Bologna, Italy. 


Voorhees, Daniel W., Sr.—Executive vice-president, Electric Wheel 
Co., Quincy, Ill. (Continued on pag: 152) 
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“BREAKAWAY COUPLINGS” 


FOR HYDRAULICALLY OPERATED 
FARM IMPLEMENTS 


The new Aeroquip “Breakaway” Coupling 
is a twin unit connecting both pressure 
and return lines between tractor and 
implement. An external tug on the hose 
lines, or tripping the trigger, disconnects 
the coupling. When uncoupled, both halves 
automatically seal, keeping hydraulic fluid 
in and preventing dirt or air from entering 
the system. Lines are easily reconnected 
even when under pressure. 


Standard Self-Sealing Coupling halves can 
be connected to either of the halves on 
the “Breakaway” for operation of loaders, 
jacks, lifts, or other hydraulic accessories. 


CONNECTED 


AEROQUIP HOSE LINES 


ON THE JOB WHERE HYDRAULIC POWER IS NEEDED 


Use Aeroquip Flexible Hose Lines with detach- 
able and reusable end fittings for making your 
own hose assemblies to desired lengths. Avoid 
unnecessary delays for repairs . . . it takes just 
a few minutes to reassemble the fittings on a 
new length of hose and your equipment is 


back on the job. Aeroquip high quality Flexible 
Hose Lines reduce maintenance costs, eliminate 
leakage, and reduce overhaul time. They with- 
stand heat, cold, and vibration, and eliminate 
the installation costs of forming and fitting 
rigid piping. 


Aeroquip for Better Performance, Maintenance and Service 


AEROQUIP CORPORATION 


JACKSON, 


MICHIGAN 


303 WAREHAM BLDG., HAGERSTOWN, MD. @ 2912 N.E. 28TH ST., FORT WORTH, TEXAS @ 1051 NORTH HOLLYWOOD WAY ,BURBANK, CAL. 
1419 2ND AVE. SO., MINNEAPOLIS 4 @ IN CANADA: 72-74 STAFFORD STREET, TORONTO, CANADA 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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PROFESSIONAL DIRECTORY 


UWWRUOOUNUTVUR LUNE AUGUST AEA 


OLSON MANAGEMENT SERVICE 


Drainage and Erosion Control Engineering, Structure Desig 1, 

Farm Architectural Service, Work Simplification Studics, 

Product Application Engineering, Management, Soil Surve: s, 
and Testing. 


904 W. Stephenson St., Freeport, Ill. Tel. Stat 2601 


——. 
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‘ARS 


‘INH 


Reliable power transmission — 

simple, safe design— 

made possible with STOW 
FLEXIBLE SHAFTING 


FRANK J. ZINK ASSOCIATES 


Agricultural Engineers 


Consultants on product development, designs, research, 
market research, public relations 


FELLOW A.S.A.E. Suite 4300, Board of Trace Bidg. 
MEMBER S.A.E. Telephone: Harrison 0723 Chicago 4, Illinois 


PINON! NAXURRCTURIES C0, 
GREENCASTLE, 180 


—. 


RATES: Announcements under the heading ‘‘Professional Directory” in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be 
received by first of month of publication. 


Be 


Applicants for Membership 


(Continued from page 150) 


TRANSFER OF GRADE 


Buchele, Wesley F.—Assistant professor of agricultural engineering, 
University of Arkansas, Fayetteville, Ark. (Junior Member to Member) 


Crane, Joseph J.—Assistant extension engineer, Agricultural Exten- 
sion Service, University of Tennessee. (Mail) 2321 W. End Ave, 
Nashville, Tenn. (Junior Member to Member) 


Dubois, Donald L.—Regional soil conservation engineer, U. §. 
Bureau of Indian Affairs, USDI, Region 3 Office, Swan Island, Portland 
18, Ore. (Associate to Member) 

Erwin, R. L.—Research engineer, Dearborn Motors Corp. (Mail) 
1203 Irving Ave., Royal Oak, Mich. (Junior Member to Member) 

Frisbie, Lawrence I.—Field engineer, farm tractor div., Interna- 
tional Harvester Co. (Mail) 521A West 63rd Place, Chicago 38, Ill. 

Kummer, Theo. H.—Chief engineer, Cherry-Burrell Corp., 3002 W. 
Burleigh St., Milwaukee 10, Wis. (Junior Member to Member) 


hat  - 


Courtesy — Wikomi Manufacturing Co. 


Transmits POWER 


q 
ee ee ‘ ‘ ‘4 : j 
e Marek, S. Joseph—Agricultural engineer, Rural Electrification Ad- § 
from Horizontal Take-Off ministration, USDA. (Mail) 1314 S. Geo. Mason Dr., Arlington, Va. : 
\ e e (Junior Member to Member) j 
to Vertical Drive Shaft Mitchell, John B.—Manager, Mitchell Farms, R. R. No. 5, Hender- 
; sonville, N.C. (Junior Member to Member) 
@ In this seeder-spreader STOW Flexible Shaft- Nabben, Marvin—Agricultural engineer, Northern States Power Co., : 
ing transmits power from the tractor’s power —" Minn. (Mail) 3521 46th Ave. S. (Junior Member to J 
take-off through a 90° bend to a rotor in the Stewart, Alvin E.—Assistant professor of agricultural engineering, 
hopper. As the rotor revolves, seed or mineral New Mexico A. & M. College, State College, N. Mex. (Mail) Box 


ASA ‘ x i 268. (Junior Member to Member) 
fertilizer is whirled out and spread over the soil. 


Necrology 
@ STOW Flexible Shafting was chosen for this (Continued from page 148) 
application because it’s dependable. Power can Some of his more important developments in the fields of farm and 
a: processing equipment are a sugar beet harvester, a red beet and carrot 
be delivered through offsets and turns to rigidly harvester, green and hard corn picker, bean snipper, bean gracer, bean 
fixed or floating units. STOW Shafting simplifies harvester, sugar beet blocking device, continuous feed vegetab!: peeler, 


and an alfalfa crusher and shredder. 


design—eliminates the need for bevel gears, uni- Mr. Urschel was elected to membership in the American Society 


versals, and other complications. And it’s safe— of Agricultural Engineers in 1938. He was also a membe: of the 
‘ - American Society of Sugar Beet Technologists, Rotary Internati al, and 
no exposed revolving shaft to catch clothing. the Christian Church, and a director of the Scott-Viner Comp ny. He 


is survived by his widow, Ruth; three sons associated with the Urschel 


STOW Flexible Shafting is often your Laboratories; and two sisters. 


best answer to a particularly difficult New Federal and State Bulletins 
power transmission problem. Write di- Cropping Systems for Soil Conservation, by D. D. Smit! D. M. 


rectly to us for detailed information. Whitt, and M. F. Miller, Missouri College of Agriculture (C: umbia), 
Bulletin 518, September, 1948. 

Recommended rotations and supporting conservation prac ces for 
major soil and topographic conditions in Missouri. This is 2 <vision 


Ree ee: f lier bulletin, No. 366. 
TURING CO. of an earlier bulletin, No 


Twenty-Fourth Annual Report of the Kansas Committee on ‘he Re 


GHAMTON, N. lation of Electricity to Agriculture. Mimeographed. Novembe: 1948. : 
of Business reports of the Committee and technical reports on specific Ff 
investigations. 
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neni emetens 


No longer does Walter Koch have to scoop out half 
a ton of manure a day from his 25 cows! He’s 
turned that unpleasant, back-breaking chore over to a 
Jamesway barn cleaner. He just punches a button. 
“It used to take an hour to clean the barn,” Mr. 
Koch says. “Now I do it in 7 minutes. It’s the 
easiest chore on the farm.” He figures his barn 


with NEW Jamesway Barn Cleaner 


Patent Applied For 
says Walter Koch 


Oconomowoc, Wis., farmer 


cleaner and his Jamesway stalls, water cups, feed 
truck, and pens save at least 1% hours a day. 


Find out more about the amazing new Jamesway barn 
cleaner! It’s the only cleaner in the world with pull- 
push action. No chains in the gutters. No cross gut- 
ters needed. See your dealer now. For free literature, 
write James Mfg. Co., Fort Atkinson, Wis., Dept. A349. 


In 7 minutes Mr. Koch’s barn is spic and span! Note how hinged paddles are attached to shuttle bar. Loading unit is outside. 


¥ Check this Jamesway Chart to see how much time you can save 


Jc 


-vutes a@ day with 
esway ventilation. 


Save up to 10 min- 0 Sev 
e up to 30 Min. C] Save up to 40 min- 
utes a day with 
Jamesway feed truck. 


utes a day with 
Jamesway water cups. 


he World's Largest 
‘onufacturer of Barn 
\d Poultry Equipment 
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James Mfg. Co. 


Be~ time and feed 
withJamesway ‘Pork jf 
Maker"’ hog feeders. 


Ft. Atkinson, Wis, 
Elmira, N. Y. 
Oakland, Calif. 


DEALER 
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SERVES YOU 


Galvanizing (Zinc-Coating) guards the farm .  . protects 
property. . saves money. For as long as iron or steel is coated 
with Zinc, it cannot rust! Heavier coatings give longer protec- 
tion. So for long-time, low-cost service, choose galvanized build- 
ing materials and equipment... ‘‘Sealed-in-Zinc’’ against rust. 


er. 
tronger long 
yanized sheets ae buildings the 


\ : seam 
TIME eater and —- — ¢ ection of _ 
s 


rotection 

i -<teo8 double ¥ rvice. 

Zinc in galvanized Sencian, fence Ife and se 
t : gis? 


against Trust - - 


hinery 20 
machin 
protection ag 


FREE BOOKLETS 


Fully illustrated and packed with practical infor- 
mation on galvanized sheets and Metallic Zinc 
Paint. Send for these free booklets, today! 


ITAMERICAN ZINC 


35 East Wacker Drive, Chicago 13, ttl. Rm. 2602 


0 Repair Manual on Galvanized Roofing and Siding 
0 Facts about Galvanized Sheets 
0 Use of Metallic Zinc Paint to Protect Metal Surfaces 


Address________ 


Town___ a 


Den emasscmcnnatnencaness ar ccam cance amnennesncessseciinSnDea ana 
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SEPTEMBER—O-641. 


ea ee 


INSTITUTET 


Send me without cost or obligation the illustrated booklets I have checked. | 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Pe:sonne) 
Service at its headquarters office in St. Joseph, Michigan, as a <2 
house (not a placement bureau) for putting agricultural engineer: seek. 
ing employment or change of employment in touch with possible « uploy. 
ers of their services, and vice versa. The service is rendered © ithout 
charge, and information on how to use it will be furnished by the - ociety, 
The Society does not investigate or guarantee the representation made 
by parties listed. This bulletin contains the active listing of ‘‘F sitions 
Open’’ and ‘‘Positions Wanted’’ on file at the Society’s office, an. infor. 
mation on each in the form of separate mimeographed sheets, ay be 
had on request. ‘‘Agricultural Engineer’’ as used in these listing. . is not 
intended to imply any specific level of proficiency, or registra‘ on, or 
license as a professional engineer. 


— 
oeejwaewawaaaaaaaaaa=$S$S$ouS0_—ae-“—wae"weoOoOos=—0aOOOoao aoe eam 


Note: In this Bulletin the following listings still current an. previ- 
ously reported are not repeated in detail. For further informa: on see 
the issue of AGRICULTURAL ENGINEERING indicated. 


1948. APRIL—O-615. JULY—O-62°, 630, 
NOVEMBER — 0-652. 1949. JANUARY— 
0-654, 655. FEBRUARY—O-656, 657, 658. 


PosITIONS OPEN: 


PosiTIoONSs WANTED: 1948. MARCH—W-146,. APRIL—\W-158, 
AUGUST—W-184, 189. NOVEMBER—W-196, 197, 199, 202, 203, 
204. DECEMBER—W-206, 208, 209. 1949. JANUARY—W-211, 
212, 213, 215, 216. FEBRUARY—W-217, 218, 219, 220, 221, 222, 
223, 224, 225, 226. 


NEW POSITIONS OPEN 


PRODUCTION ENGINEER, to head production engineering work in 
southern farm equipment manufacturing company. General industrial 
and mechanical engineering duties. Prefer man familiar with agricul- 
ture in the southeastern states and interested in living in the Southeast. 
Three to 10 yr experience in farm equipment or similar manufacturing. 
Unlimited opportunity. Age 25-35. Salary open. O-659 


AGRICULTURAL OR MECHANICAL ENGINEER, for mechanical 
drafting, research, and development on agricultural equipment for the 
cultivation and harvesting of sugar cane, in Florida. BS deg in agricul- 
tural, mechanical, or chemical engineering, with ability in drafting and 
reading blueprints. Professional experience following graduation not re- 
quired. Must be able to transpose ideas from rough sketches to drafting 
board, and develop them into finished product. Opportunity for promo- 
tion to head of research and development on agricultural equipment. 
Age 22 - 35. Salary $3000 - 3600. O-660 


TRACTOR SERVICE MAN for operation and maintenance work in 
fleet of more than 150 tractors, mostly diesel, and related equipment in 
sugar cane production, in Puerto Rico. Actual experience in operation 
and maintenance of tractors and related equipment required. Room and 
board in company hotel furnished single man. House, partly furnished, 
provided for married man. Salary open. O-661 


MECHANICAL-ELECTRICAL ENGINEER for installation, servicing, 
and repair of all types of motors, starters, generators, etc., for about 
200 pumping stations, cane hoists, motor vehicles, and other agricultural 
machinery in sugar industry, in Puerto Rico. BS deg in agricultural, 
mechanical, or electrical engineering, or equivalent. Mechanica! ability 
and actual experience in installation and maintenance of similar equip- 
ment. Room and board in company hotel furnished single man. House, 
partly furnished, provided for married man. Salary open. 0-662 


DESIGN ENGINEER for development work on tillage, planting, and 
cultivating implements with full-line manufacturer in the Midwest. BS 
deg in agricultural or mechanical engineering and at least 5 yr experi- 
ence in implement design or similar work. Farm background and usual 
personal qualifications for commercial design. Salary open. (-663 


AGRICULTURAL ENGINEER qualified for P-5 or P-3 civ): service 
rating for adaptation, design, and development of fiber harves'ing and 
extracting equipment, in Cuba, under Office of Foreign Agricultural 


Relations. MS deg (for P-5) or BS deg (for P-3) in agricultural engi- 
neering, or equivalent. Farm background and research expe” ence in 
farm equipment adaptation, design, and development. Resour fulness, 
initiative, and ability to cooperate essential. Work is part USDA 
technical collaboration with foreign countries, at present an « panding 
program. Salary, P-3, $4479.60; P-5, $6235.20, plus allowance: for liv- 
ing in Cuba. O-664 

AGRICULTURAL ENGINEER for design, development, an: testing 
with midwestern manufacturer of farm equipment. BS-deg ir agricul- 
tural engineering or equivalent. Experience of 2 to 4 yr desi: ble but 
not required. Good health, no physical defects. Opportunity ; 0d. Age 
25-35. Salary open. O-665 

NEW POSITIONS WANTED 

AGRICULTURAL ENGINEER desires design, development, cension, 
management, or service work in farm structures field, in pub’ service 
or private industry, preferably west of Mississippi River. |! deg in 
agricultural engineering expected in March, University of © inessee. 
War noncommissioned service 2% yr in Army Air Force. No © ability. 
Available April 1. Married. Salary open. W-227 

AGRICULTURAL ENGINEER desires work with building aterials 
manufacturer in connection with farm construction. BA deg, ) ¢ Uni- 
versity, 1946. BS deg in agriculture with agricultural engineer’. major 
expected in June, Rutgers University. Experience as carpenter 01 COn- 
struction of dwellings, 11 mo. Structures draftman, agricultu':! engi- 
neering department, Rutgers University, 4 mo. Enlisted and »mmis- 
sioned war service in Navy 28 mo. Served as deck officer China 
Theater. No disability. Available July 1. Married. Age 2°. Salary 
open. W-228 (Continued on pace 156) 


AGRICULTURAL ENGINEERING for March 1949 


& eee 


— = 


e E ei: get IM dee LAae eater, See . ere ot eee 
fi a ene - a 2 : 2 : bes eS ; ieeiee 1 paar ee i me a Se 2 3 rete ay eau re $3 me i spe — 
cae | mn oe nwa ei - me : 1 Sy ees oc: a es 4 ae Pee as : om = es ef ee a t, ace hie, “Sa 
ee peal Tee Ne CRS ee eM! Re et oe 2 ae Ee el oe ae nee 
* a bs me . aS ile a aia 4 eee Sa aire open ee), 
7 here’s how ERR em 
he ee 
eee foe ae fhe 
eee rath ie. kee Be : 
ee en eS Rc : 
x a: : i | 
Bee, 
y, Furs a q 
4 enti y 
so ; : 
et) ae j 
a aia : 
ae } 
ce Geer 1 
ae a | 
i, a | i 
ie Se ee a en ie er oo ae eee 
eg oe cS. ee eee oot : ; 
eae stip Lil - SIDING © ae 
See | ; Ress! cael os ee aaa q ‘a 
RE Os ee ge a RB oenracmres cl 3 7 4 
a R77 3 ea, oa 
: ae Na TTL Tf \ pene a . a 
ae. USL Ye a 
Ne 3 ay Bote ® ‘ 
i ; 1S - - ee: Ve ine 
ir: meee Ww eat .. 
ae a 3 ms oe S en 2 ae sy i 
vee : eS ees, “ted 4 : 
ae © ae : E 
ae : By . 4 
igh oe = ae a a 
See a of stect ae ] 3 
Pe Wye se strength | of Quality” Lever sheets. It means aS : § 
6 cs mm the my in buying 99's zinc per 84- ft. y 3 be 
‘ var ~ econo at least 2 o%. Oo — : a ’ 
Bes they catty as cause ee yy 
Fe - — ENCING: rS: Boz Bo. 
eee Ona  — wa # 5 ae ee: 4 i, 
re pa AEP ee Se 
eh fay pies Se Bh ees ee 4 
ea mae 2 Bb Ste a 
ao . eae: a a AP ee, : 
oe a " = 
Deets 5. ag . . Poe ‘ 
va eas ae epee ; 
Bed ae ae re as 
a Ree  MACHINET” a : 
eee ae sy tev A pe 
Se oe tie ced ia 
eae Bes a e aa =e oie —— 
oe: pe! ee > ee _— 
* Aeiee oe — ee a 
ses Ss = "* 
ie = rm —_ 
5 ae arts of fa es _ 
; Bs - untless P 7 eae « 
fy fe : q in galvanizing coves TugGIed: LONG time @ 
pe a Cae Se 4 equipment, giv’ a - 
Be eit { Bie ca 
= sear: ‘i te ie. ar ainst rust. aa 4 
rE iia Be equipment ft 
“s = : - x A * i ii Ss ass ee 
a we, oe CUNT ew 
bomb De IS 2 pe : « A 
a ote ee ‘. 22 a4 <a 1 Ll ~ a 5 rf 
ee : e 4 os = als y m 
ee, het ae 
PO aaa ap oe ~S =i ees, ae 
a gia yea ee eee SM 2 ine eae eh 0 RE a 4 
eae | AG eS see soa ae bs a 4 1 ‘8 
ge Figs . . oc SRE Le 4 
Pea. eS ze 
ee: \.2, N 
oe OQ \\42 E\ 
Pew tee \) xe" eine 
i i a Ve \ 
hs Ey DIN Say) 
a a | 
ere Ci l 
i) ’ 
ie — 
Se | | av 
Aa | | 
jes gee j Neme——___— m ° 
Peeps a ea —— 
Pr 1 i 
sy PCs 
ae s “§ . ee : tee ee ee ee eee ee —— 1 
ree ee i re 
bees aes 4 
Rep ee. Bac Yt 
Neos Tl ee q einen Ree oS Me Ny ai a i — . 
Ba oe ee MR na Va oe ae. ie pam So | Bg: aaa — 
eo a es ees a ae ae oe > a 2 Rees sae - Tee Pe ae: eee. | 
ate oe cc rs ae aS * oe ee Spe a ae crea ok a ae a age Ae 


first everywhere in 


NEWIDEA =~" 


| first in quality 
tractor mower and in performance 


fits any tractor. having” 
standard power take- off. 
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Peanstnere is using this self-contained mower to 


good advantage in stepping up production and improving farm- 
ing operations. Valuable man-hours are saved in haymaking, 
/ : weed control, cutting green peas, harvesting beans, pasture im- 

year of serving provement and many other jobs. Designed and built to withstand 


cate Agriculture the strain of high speed tractor farming, it is truly a better kind 
of tractor-pulled and power take-off driven mower. 
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ENGINE 


PERSONNEL SERVICE BULLETIN LIBRAR} 


(Continued from page 154) 


AGRICULTURAL ENGINEER desires development, resear h, or 
sales work in power and machinery field with private employer or in 
public service. BS deg in agricultural engineering 1948, Univer. ity of 
Saskatchewan. Farm baekground. Dominion Entomological Labo: atory 
Indian Head, Sask., 2 yr. Victory Aircraft Ltd, 5 mo. Hiémilton 
AG RICU LTU RE Bridge Western Ltd., 5 mo. Instructor in agricultural engineerin; [Unj- 

versity of Saskatchewan, since graduation. War service in Ro) i! Ca- 


nadian Navy, one year, as telegraphist. No disability. Availab) A 
and 15. Married. Age 24.’ Salary open. W-229 ” 


MECHANICAL ENGINEER desires development, managemen: sales 

j N D U S T g Y service, or production work in power and machinery, farm stri.-tures 

ml or product processing field, with private industry, preferably in } idwest 
oe, or western U.S.A. BSdeg in mechanical engineering expec ed jn 
August, Purdue University. Summer work on farms and in U.S. Forest 
Service during high school years. Mechanic, Boeing Aircraft ‘>. one 
year. Carpenter Se-Tac Shipbuilding Co., one year. War enlisted ervice 
in infantry, 3% yr. No disability. Available Aug. 31. Married. ge 2% 
Salary $290 mo. W-230 : 


AGRICULTURAL ENGINEER desires sales, service, or projec: engi- 
neering work in power and machinery or irrigation field, with private 
company or public service. BS deg in agricultural engineering e:pected 
in June (requirements to be completed in March) North Carolin» State 
College. Farm background, with experience in operation, care, ind re- 
pair of general farm equipment; weigh-master at tobacco warehouse: 
laboratory assistant in agricultural engineering laboratories. No dis- 
ability. Available April 1. Single. Age 21. Salary open. W-23' 


AGRICULTURAL ENGINEER desires design and development work 
in power and machinery field, preferably on harvesting equipment. BS 
deg in agricultural engineering expected June 1949, Michigan State Col- 
lege. Experience as clerk and draftsman, die department, Cadillac 
Motor Car Co., 3 yr. Draftsman, Miller Mfg. Co., 4 mo. Undergraduate 
assistant in research, agricultural engineering department, Michigan 
State College, 4 mo. War noncommissioned service in Army, 33 mo. 
No disability. Available July 1. Married. Age 27. Salary open. W-232 


AGRICULTURAL ENGINEER desires college teaching or research in 
power and machinery or farm structures field with opportunity for 
further study in engineering. BS deg 1946, MS deg 1948, Cornell Uni- 
versity. Experience as field instructor at National Farm School, 2 yr. 
Teaching assistant, Cornell University, 2 yr. Assistant professor of 
agricultural engineering, National Agricultural College 1% yr (present 
position). Available at end of academic term. Married. Age 28. Salary 
open. W-233 


AGRICULTURAL ENGINEER desires sales, field testing, or service 

* work in power and machinery, soil and water, or farm structures field, 

in private company. BS deg in agricultural engineering expected in 

June, University of Vermont. Farm background. War enlisted and 

naval aviation cadet service. No disability. Available July 15. Single. 
Age 23. Salary open. W-234 


AGRICULTURAL ENGINEER desires development, research, sales or 
service work in soil and water field, with private industry or public 
service, in USA, preferably east of the Mississippi River. BS deg, 1947, 
University of Massachusetts. MS deg in agricultural engineering ex- 
pected March, Michigan State College. Experience in Soil Conservation 
Service, 3 summers. Graduate assistant, Michigan State College, 6 mo. 
War service, 33 mo., with promotion to 2nd Lt., Air Force. No dis- 
ability. Available May 15. Single. Age 28. Salary open. W 235 


AGRICULTURAL ENGINEER desires extension, research, or testing 
in farm structures or soil and water field, in public service or private in- 
dustry. BS deg in agricultural engineering expected in June, Ohio State 
University. Farm background, War service in Navy V-12 training pro- 
gram. Electrician’s helper, 14 mo. Building supply salesman, 8 mo. Bu- 
reau of Reclamation (SP-5) 4 mo. (On leave without pay from Bureau 
to qualify for P-1 or P-2 rating.) No disability. Available June 15. 
Married. Age 23. Salary open. W-236 
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TYPES and QUALITY 
for EVERY DUTY 


If your company manufactures power- 
operated equipment of any kind that 


= New Literature 


can utilize engine power within a 2 to Single crlinder sizes 
° FP. 


Harvest TRIUMPHANT, by Merrill Denison. Cloth XII + 35! pages, 
6x834 inches. Illustrated and indexed. Dood, Mead and Co. (432 
Fourth Ave., New York) $3.50. 

This is the biography of a company, Massey-Harris Company, Ltd., 
from the ancestral history of the founder, Daniel Massey, to 1°47, the 
year of the organization's 100th Anniversary. It is also in part the 
history of an era and a philosophy, from the first crude beginnings of 
farm mechanization to the firm establishment of agriculture as « human 
activity amenable to the laws, principles, and practices of scicace, en 


30 Horsepower range . . . your good 
name is safe when the performance of 
your equipment is entrusted to Wiscon- 
sin Air-Cooled Engines. 

Here is reputability to match your own, 
no matter how high or exacting your 
standards may be. Every Wisconsin 
Engine from the smallest to the largest gineering, and economics. 


is of heavy-duty design and construc- . The author wrote as an independent historian, with the consent 
tion. The perfectly balanced drop- ba yg 4 stone, and —s of the Company, out of eae ——— wh le a 

. * to +P. missioned by the Company to write its 100t nniversary booklet, 
forged crankshaft of ovary Wisconsin "1847-1947." In this later, full-length biography he presen: in 18 
rs on os — pe. 4 chapters a moving story of men and machines in the parallel pi neering 
at both ends to take up end- and radi- 


ofa continent and a new social consciousness. 
al thrusts . . . a typical detail of Wis- 
consin heavy-duty design that assures 
the user “Most H.P. Hours” of on-the- 
job service. 
Wisconsin Heavy-Duty Air-Cooled Engines are 


NoTES ON SOLDERING, W. R. Lewis. Paper, 88 pages, 6x9° _ inches. 
Illustrated. Tin Research Institute (Fraser Road, Greenford, \’ dlesex, 
England. Available in the United States from Dr. Brace Gonse: Battelle 

; ; Memorial Institute, 505 King Ave., Columbus, Ohio). Free. 
= This is a handbook of soldering embodying — a 

P . £ : we by research and commercial practice, and likely to be o ue to 
ne a en —— ns i= ny solder-users in a variety of industries. It treats soldering as pre 
to 30 H.P. - " - V-type 4-cylinder production technique, as well as from the standpoint of i ividua 


sizes, 15 to 30 H.P. operations. Sections cover basic steps in soldering, mechanis' of sol- 
aa d 
“hous ce WISCONSIN MOTOR CORPORATION 


dering, practical methods of soldering, joints in lead pipes, dering 
° ee esa “ ; special metals, properties of solders and soldered joints, nercial 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 14, WISCONSIN, U.S.A, 


forms of solder, specifications for solder, effect of antimony mpuri- 
Cable Address: "W. 


ties in solder, reclaiming solder, economy in solder usage, ‘oxicity 
aspects of solders, chemical analysis of solders, and bibliograp y. 
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